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(57)Abstract: 

PROBLEM TO BE SOLVED: To make the movable range of a 
stage larger than the measurable range of an interferormeter for 
measuring the position of the stage, and to accurately measure 
the position of the stage. 

SOLUTION: A wafer stage WST is moved from a position, where 
mobile mirrors 22X and 22Y on the side faces are not irradiated 
with laser beams from laser interferometers 15X1, 15X2, and 
1 5Y, and when the wafer stage WST enters the measurable 
range of the laser interferometers 15X1, 15X2, and 15Y, the 
position of a reference mark MA is measured by a wafer 
alignment sensor, and the measured values of the laser 
interferometers 15X1, 15x2, and 15Y are corrected based on 
the measured result. Also, when a stage 14 for measurement 
enters the measurable range of the laser interferometers 15X1, 
15X2, and 15Y, the position of the reference mark MB is 
measured by the wafer alignment sensor, and the measured 
values of the laser interferometers 15X1, 15X2, and 15Y are 
corrected, based on the measured result. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more movable stages arranged free [ migration ] mutually-independent along a 
predetermined migration side, The 1st system of measurement which is predetermined measurement within 
the limits and measures the location of one movable stage in said two or more movable stages, Are 
******** stage equipment and each of two or more of said movable stages is received. Stage equipment 
characterized by having the 2nd system of measurement which measures whenever [ to the predetermined 
amount of location gaps or said predetermined criteria location from a criteria location of said measurement 
within the limits of this movable stage / agreement ], and amending the measurement value of said 1st 
system of measurement based on the measurement result of said 2nd system of measurement. 
[Claim 2] Two or more movable stages arranged free [ migration ] mutually-independent along a 
predetermined migration side, The 1st system of measurement which is measurement within the limits of** 
a predetermined 1 st, and measures the location of one movable stage in said two or more movable stages, 
Are ******** stage equipment and each of two or more of said movable stages is received, the 
measurement result of the 2nd system of measurement which is measurement within the limits of ** the 2nd 
which overlaps said 1 st measurement range selectively, and measures a location continuously, and said 1 st 
and 2nd system of measurement — being based — this — the stage equipment characterized by establishing 
the control system which amends the measurement result of two system of measurement. 
[Claim 3] It is stage equipment which is stage equipment according to claim 2, and is characterized by said 
1 st system of measurement being two or more interferometers which are interferometers and have the 
measurement range where said 2nd system of measurement overlaps selectively one by one. 
[Claim 4] The aligner characterized by imprinting on a substrate, being the aligner equipped with claims 1 
and 2 or stage equipment given in three, laying the mask with which a mutually different pattern was formed 
in said two or more movable stages of said stage equipment, and positioning the pattern of the mask on said 
two or more movable stages by turns. 

[Claim 5] The aligner characterized by being the aligner equipped with claims 1 and 2 or stage equipment 
given in three, laying a mask on the 1 st [ of two or more of said movable stages of said stage equipment ] 
movable stage, laying the property metering device for measuring the property at the time of imprinting the 
pattern of said mask on the 2nd movable stage, and imprinting the pattern of said mask on a substrate. 
[Claim 6] The aligner characterized by exposing a predetermined mask pattern by turns on said two or more 
substrates while it is the aligner equipped with claims 1 and 2 or stage equipment given in three, a substrate 
is laid on said two or more movable stages of said stage equipment, respectively and said two or more 
movable stages are positioned in an exposure location by turns. 

[Claim 7] The aligner characterized by being the aligner equipped with claims 1 and 2 or stage equipment 
given in three, and a projection optical system, laying a substrate on the 1st [ of two or more of said movable 
stages of said stage equipment ] movable stage, laying the property metering device for measuring the image 
formation property of said projection optical system on the 2nd movable stage, and exposing a 
predetermined mask pattern through said projection optical system on the substrate on said 1st movable 
stage. 

[Claim 8] When it is the positioning approach using stage equipment according to claim 1 and one movable 
stage in said two or more movable stages goes into measurement within the limits of said 1 st system of 
measurement The positioning approach using the stage equipment characterized by measuring whenever [ to 
the predetermined amount of location gaps or said predetermined criteria location from a criteria location of 
said measurement within the limits of this movable stage / agreement ] according to said 2nd system of 
measurement, and amending the measurement value of said 1 st system of measurement based on this 
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measurement result. 

[Claim 9] It is the positioning approach using claim 2 or stage equipment given in three. In case one 
movable stage in said two or more movable stages goes into said measurement within the limits of ** a 1st 
from said 2nd measurement range side The positioning approach using the stage equipment characterized by 
measuring the location of said movable stage simultaneously and doubling the measurement result of said 
1 st system of measurement with the measurement result of said 2nd system of measurement based on this 
measurement result according to said 1 st and 2nd system of measurement. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for the aligner which was equipped with the stage equipment 
and its stage equipment for positioning for example, a processing object etc., and was especially equipped 
with various devices, such as an image formation property measuring machine style, about the aligner used 
in case a mask pattern is imprinted on a substrate at the lithography process for manufacturing a 
semiconductor device, a liquid crystal display component, or the thin film magnetic head, and is suitable. 
[0002] 

[Description of the Prior Art] A high exposure precision is demanded of the aligner of the one-shot exposure 
mold (stepper mold) used in case a semiconductor device etc. is manufactured, or scan exposure molds (step 

- scanning method, etc.). Therefore, the reticle stage which lays and positions the reticle as a mask in an 
aligner conventionally, or in the wafer stage which lays the wafer as a substrate and carries out two- 
dimensional migration The migration mirror is being fixed to that side face, respectively, by irradiating a 
measurement beam from interferometers, such as a laser interferometer, at that migration mirror, the 
movement magnitude of the stage concerned is always measured continuously, and a stage can be positioned 
now to high degree of accuracy based on this measured value. In such stage equipment, the interferometer of 
three shafts has usually realized displacement measurement of three degrees of freedom called the migration 
component and revolution component of the two-dimensional direction of a movable stage. 
[0003] However, with such conventional stage equipment, since the measurement beam from each 
interferometer always needed to be irradiated by the migration mirror in all the fields of the maximum 
successive range (movable range) of a movable stage, respectively, the migration mirror needed to make the 
dimension larger than the movable range so that it might continue reflecting the measurement beam from 
each interferometer, even if the movable stage moved. 

[0004] for this reason — if it is going to extend the movable range of a movable stage — a large-sized 
migration mirror - needed — it — following — the configuration of the whole stage — large — not becoming - 
- the problem that it becomes difficult not to obtain, therefore for a stage to become heavy and to make it 
move at high speed arises. Moreover, great technical difficulty follows on processing a large-sized migration 
mirror with predetermined flatness, and fixing to the side face of a movable stage, without making a still 
bigger migration mirror produce bending also has great difficulty technically. However, since lowering of 
the flatness of a migration mirror leads to lowering of the positioning accuracy of the stage by the 
interferometer directly, the problem that the movable range of a movable stage must be restricted eventually 
has produced it. 

[0005] There are some which are indicated by JP,7-253304,A as stage equipment for solving such a 
problem. Even if the measurement beam from the interferometer of 1 separates from this indicated stage 
equipment from the measuring range of a migration mirror by installing more numbers than the number of 
the degrees of freedom of the variation rate of a movable stage (for example, it considers as three degrees of 
freedom) of interferometers (for example, four shafts), it can be made to perform measurement for a degree 
of freedom of migration of the stage concerned with the remaining interferometer. And if a migration mirror 
enters again in the measuring range of the interferometer of 1 which separated from the migration mirror, as 
the movement magnitude of a movable stage can be measured with the interferometer of 1 , magnitude of a 
migration mirror is made smaller than the movable range of a movable stage by setting up the measured 
value in the remaining interferometer as initial value of the interferometer of 1 . 

[0006] Moreover, in these aligners, it is always proper light exposure, and the reticle stage which positions 
reticle since it is necessary to expose where a high image formation property is maintained, or the wafer 
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stage which performs positioning of a wafer is equipped with the metering device for measuring image 
formation properties, such as conditions, such as an illuminance of exposure light, and a projection scale 
factor. For example, there is a space image detection system for measuring the dose monitor for measuring 
the incidence energy of the exposure light to a projection optical system as a metering device with which the 
wafer stage is equipped, a location, contrast of a projection image, etc. On the other hand, as a metering 
device which it has on the reticle stage, there is an orientation plate with which the index mark used for 
image formation property measurement of a projection optical system, for example was formed. 
[0007] 

[Problem(s) to be Solved by the Invention] While rationalization of light exposure was attained using the 
metering device formed in the reticle stage or the wafer stage in the conventional aligner like the above, the 
high image formation property was maintained. On the other hand, it is also required that the throughput 
(productivity) of the exposure process at the time of manufacturing a semiconductor device etc. should be 
raised to the latest aligner. As an approach for raising a throughput, the actuation rate of a stage other than 
the approach to which the exposure energy per unit time amount is made to increase is enlarged, with an 
one-shot exposure mold, stage stepping time is shortened and there is the approach of shortening stage 
stepping time and the scan exposure time in a scan exposure mold. 

[0008] Thus, in order to raise an actuation rate with the drive motor of the conversely same output as the 
former, it is necessary to miniaturize and to lightweight-ize a stage system that what is necessary is just to 
use the drive motor of an output larger when a stage system is the same magnitude in order to raise the 
actuation rate of a stage. However, if the drive motor of a larger output is used like the former, the heating 
value generated from the drive motor will increase. Thus, the increasing heating value produces delicate 
heat deformation of a stage system, and has a possibility that the high positioning accuracy demanded with 
the aligner may no longer be acquired. Then, in order to prevent degradation of positioning accuracy and to 
improve an actuation rate, a miniaturization and lightweight-izing are expected a stage system as much as 
possible like the latter. 

[0009] Especially, in the aligner of a scan exposure mold, while the scan exposure time is also shortened by 
improvement in an actuation rate and a throughput is greatly improved, there is a big advantage that the 
synchronous precision of reticle and a wafer also improves and the image formation engine performance and 
superposition precision also improve by the miniaturization of a stage system. However, when the reticle 
stage or the wafer stage is equipped with various metering devices like before, it is difficult to miniaturize a 
stage. 

[0010] Furthermore, when the reticle stage or the wafer stage is equipped with the metering device for 
measuring a condition or an image formation property of exposure light etc., while the heat source of 
amplifier etc. is usually attached to the metering device, the temperature of the metering device rises 
gradually by the exposure of exposure light during measurement. Consequently, a reticle stage or a wafer 
stage carries out heat deformation delicately, and there is also a possibility that positioning accuracy, 
superposition precision, etc. may deteriorate. In the actual condition, although degradation of the positioning 
accuracy by the temperature rise of a metering device etc. is slight, it is expected that the need of controlling 
the effect of the temperature rise of a metering device increases as circuit patterns, such as a semiconductor 
device, will make it detailed further from now on. 

[001 1] Although the die length of a migration mirror can be made small compared with the movable range 
of a movable stage by using the stage equipment indicated by above-mentioned JP,7-253304,A about this, it 
can seldom contribute to the miniaturization of the movable stage itself even in this case. Therefore, in order 
to aim at relief of the effect of the improvement in the throughput of an exposure process, and the exposure 
heat of exposure light, still more nearly another device is required. 

[0012] Moreover, in the aligner, especially the projection aligner, raising resolution, the depth of focus 
(DOF: Depth of Forcus), line breadth control precision, etc. other than the improvement in a throughput is 
also called for. When exposure wavelength is set to lambda and numerical aperture of a projection optical 
system is made into N.A. here, resolution R is proportional to lambda/N.A., and the depth of focus DOF is 
lambda/2 (N.A.). It is proportional. For this reason, if exposure wavelength lambda is only made small and 
numerical-aperture N.A. is enlarged in order to raise resolution R (the value of R is made small), the depth 
of focus DOF will become small too much. 

[0013] In order to manufacture a device about this, it is necessary to form on a wafer the pattern with which 
a periodic pattern like line - and - tooth-space (last shipment) pattern, an isolated pattern like a contact hole 
(CH) pattern, etc. combined. And the technique of raising resolution is developed, without narrowing the 
depth of focus by the so-called deformation illumination about recently, for example, a periodic pattern, as 
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indicated by JP,4-225514,A. Moreover, the phase shift reticle method is also developed. The technique of 
similarly raising the depth of focus etc. substantially by the approach of controlling the coherence factor of 
the illumination light, for example also about an isolated pattern is developed. 

[0014] The double exposure method is improved as an approach of raising resolution, without making such 
a technical trend into a background and making the depth of focus shallow too much substantially. That is, if 
a double exposure method is applied, the depth of focus large as a whole and high resolution will be 
obtained by dividing the reticle pattern for some layers into two or more reticle patterns according to a class, 
and exposing each in piles on the optimal lighting conditions and exposure conditions. Recently, the attempt 
in which the pattern of the device with which this double exposure method is further applied to KrF excimer 
laser and the projection aligner using ArF excimer laser as an exposure light, for example, line breadth 
contains the last shipment pattern to 0.1 micrometers will be exposed is also examined. 
[0015] However, if it is going to apply this double exposure method to a projection aligner with one set of a 
wafer stage, since it is necessary to repeat processes, such as alignment and exposure, serially and to 
perform them, there is inconvenience that a throughput deteriorates substantially. Then, in order to raise a 
throughput, two or more wafer stages are prepared and the projection aligner which enabled it to perform 
alignment and exposure to juxtaposition is also proposed. However, when two or more sets of wafer stages 
were prepared in this way, the location of the movable stage of each wafer stage should only be measured 
with the interferometer and each movable stage was positioned in an exposure location by turns in order that 
the measurement beam of an interferometer may break off, in case each movable stage moves greatly, there 
was inconvenience that it was difficult to position each movable stage in the condition of having 
repeatability promptly. 

[0016] This invention sets it as the 1st object to offer the stage equipment which can measure the location of 
the moving part to high degree of accuracy in the condition of having repeatability while it miniaturizes 
moving part in the condition that two or more of those functions can be performed in the stage equipment 
which has two or more functions and can move the moving part to a high speed in view of this point. 
Moreover, in order to perform double exposure etc., this invention sets it as the 2nd object to offer the stage 
equipment which can be promptly positioned in the condition of having repeatability in a target location 
[ moving part / each ], respectively, when two or more moving part is prepared. 

[0017] Furthermore, this invention is in the condition which maintained the function which measures the 
property at the time of having such stage equipment and imprinting the pattern of reticle, or the image 
formation property of a projection optical system, and sets it as the 3rd object to offer the aligner which can 
miniaturize the moving part for positioning reticle or a wafer. Furthermore, this invention is equipped with 
such stage equipment, and sets it as the 4th object to offer the aligner which can enforce a double exposure 
method etc. by the high throughput. 

[0018] Moreover, this invention aims also at offering the positioning approach that it can position promptly 

using such stage equipment. 

[0019] 

[Means for Solving the Problem] Two or more movable stages where the 1 st stage equipment by this 
invention has been arranged free [ migration ] mutually-independent along a predetermined migration side 
(WST, 14), Are stage equipment equipped with the 1st system of measurement (15X1, 15X2, 15Y) which is 
predetermined measurement within the limits and measures the location of one movable stage in two or 
more of the movable stages, and each of two or more of the movable stages is received. It has the 2nd 
system of measurement (16, 17 A, 17B) which measures whenever [ to the predetermined amount of location 
gaps or its predetermined criteria location from a criteria location of that measurement within the limits of 
this movable stage / agreement ], and the measurement value of that 1 st system of measurement is amended 
based on the measurement result of that 2nd system of measurement. 

[0020] According to the 1st stage equipment of this this invention, when performing two or more functions, 
such as exposure and property measurement, for example, a movable stage is assigned for every (two or 
more functional groups of every [ or ]) function, and two or more movable stages (moving part) are 
prepared. By this, since it can miniaturize, each movable stage can be driven at a high speed, respectively. 
However, in order that the measurement beam of a laser interferometer may break off if each movable stage 
moves greatly when two or more movable stages are only prepared and the laser interferometer of relative 
displacement system of measurement, for example, one shaft, is formed as the 1st system of measurement, a 
certain zero setting-operation is needed. So, in this invention, the 2nd system of measurement (16, 17 A, 
17B) was established as a kind of absolute value system of measurement. 

[0021] And one movable stage (WST) in two or more of the movable stages When it goes into the 
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measurement within the limits from the exterior of the measurement range of the 1 st system of measurement 
By measuring the amount of location gaps from the predetermined criteria location of that measurement 
within the limits of that movable stage according to that 2nd system of measurement (absolute value system 
of measurement), for example, presetting this amount of location gaps at the measurement value of that 1st 
system of measurement The measurement value of the 1 st system of measurement comes to show accuracy 
in the form where it has repeatability for the location of the movable stage. Or what is necessary is to reset 
the measurement value of the 1st system of measurement, or just to preset to a predetermined value, when 
the 2nd system of measurement measures whenever [ agreement ] (for example, whenever [ agreement / of 
two random patterns ]) and whenever [ agreement ] becomes more than predetermined level. Each movable 
stage is positioned in the condition of having repeatability promptly by this at high degree of accuracy. 
[0022] Next, two or more movable stages where the 2nd stage equipment by this invention has been 
arranged free [ migration ] mutually-independent along a predetermined migration side (WST1, WST2), Are 
stage equipment equipped with the 1st system of measurement (87 Y3) which is measurement within the 
limits of ** a predetermined 1st, and measures the location of one movable stage in two or more of the 
movable stages, and each of two or more of the movable stages is received. The 2nd system of measurement 
(87Y2, 87Y4) which is measurement within the limits of ** the 2nd which overlaps that 1st measurement 
range selectively, and measures a location continuously, and the control system (38) which amends the 
measurement result of these two system of measurement based on the measurement result of those 1st and 
2nd system of measurement are established. 

[0023] According to the 2nd stage equipment of this this invention, in order to perform double exposure, for 
example, two or more movable stages (WST1, WST2) are prepared. Consequently, since it will separate 
from the measurement beam of that laser interferometer as that 1st system of measurement when each 
movable stage is moved greatly if the laser interferometer of one shaft as for example, relative displacement 
system of measurement is used, how each movable stage is positioned in the form where it has repeatability 
poses a problem. On the other hand, in this invention, the laser interferometer of one shaft (or two or more 
shafts) as for example, relative displacement system of measurement is used also as the 1st system of 
measurement, and in case one movable stage in two or more of the movable stages goes into the 
measurement within the limits of ** a 2nd, for example from the 1 st measurement range side By measuring 
the location of the movable stage simultaneously according to the 1st system of measurement and 2nd 
system of measurement, and presetting the value which amended the measurement value of the 1st system 
of measurement according to the angle of rotation of the movable stage at the measurement value of the 2nd 
system of measurement The measured value of the 1st system of measurement is received and passed to the 
2nd system of measurement. After this, the movable stage can be positioned to high degree of accuracy in 
the condition of having repeatability, using the 2nd system of measurement. 

[0024] That 1st system of measurement and the 2nd system of measurement, respectively In this case, order 
of interference (integer) Nl and N2, phases phil and phi2 (this is equivalent to the phase contrast of a 
reference sign and a measurement signal by the heterodyne-interferometry method) (rad), And you may 
make it measure the location of a movable stage using the function f of the wavelength lambda of a 
measurement beam (lambda) in the form of f (lambda) {Nl+phil/(2pi)} and f (lambda) {N2+phi2/(2pi)}. 
and when it becomes measurable [ the 2nd system of measurement ] and the location of the movable stage is 
simultaneously measured according to the 1st system of measurement and 2nd system of measurement From 
the measurement value of the 1st system of measurement, and the angle of rotation of the movable stage, 
order-of-interference N2 f of the 2nd system of measurement, And it is more desirable than the phase phi 2 
which presumes phase phi2' and is measured by degree N2 ? , phase phi2\ and its 2nd system of measurement 
to determine the preset value of the degree N2 of the 2nd system of measurement, setting the measurement 
value of that 2nd system of measurement to f (lambda) {N2+phi2/(2pi)} after this it is - the measurement 
error of the angle of rotation of that movable stage etc. - being certain even if generated a grade, the 
location of that movable stage is measurable with the reproducibility of the proper of that 2nd system of 
measurement. Moreover, Function f (lambda) is lambda/m, using two or more integers m as an example. 
[0025] Next, it is the aligner equipped with the stage equipment of this invention, the 1 st aligner by this 
invention lays the mask (Rl, R2) with which a mutually different pattern was formed in two or more of the 
movable stages (RST1 , RST2) of the stage equipment, and it imprints the pattern of the mask on two or 
more of the movable stages on a substrate (Wl), positioning by turns. 

[0026] According to the 1st aligner of this this invention, it can expose using a double exposure method and 
improvement in resolution and the depth of focus can be aimed at. Moreover, since it has stage equipment of 
this invention, for example, when measuring the location of the movable stage with a laser interferometer, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/10/2006 



JP,2000- 164504, A [DETAILED DESCRIPTION] 



Page 5 of 23 



the migration mirror installed in the movable stage can be made smaller than the successive range of the 
movable stage, and weight of the movable stage can be made small. Therefore, it becomes easy to move the 
movable stage to a high speed, and improvement in a throughput can be aimed at. 
[0027] Next, the 2nd aligner by this invention is an aligner equipped with the stage equipment of this 
invention. A mask (R) is laid on the 1st [ of two or more of the movable stages (RST, 5) of the stage 
equipment ] movable stage (RST). The property metering device (6) for measuring the property at the time 
of imprinting the pattern of the mask is laid on the 2nd movable stage (5), and the pattern of the mask (R) is 
imprinted on a substrate (W). 

[0028] According to the 2nd aligner of this this invention, since magnitude of the 1st movable stage is made 
to necessary minimum by giving only the minimum function required for exposure to the 1 st movable stage 
(RST) used for original exposure, miniaturization of a stage and lightweight-ization are performed, 
improvement in a throughput is aimed at and the thing of it can be carried out. On the other hand, there is no 
direct need in exposure, and since the property metering device (6) for measuring the property at the time of 
imprinting the pattern of the mask (R) is carried in 2nd another movable stage (5), it can also measure the 
property at the time of imprinting the pattern of the mask. Moreover, since it has stage equipment of this 
invention, the location of two or more of the movable stages is measurable to high degree of accuracy. 
[0029] Next, the 3rd aligner by this invention is an aligner equipped with the stage equipment of this 
invention, and it exposes a predetermined mask pattern by turns on two or more of the substrates, laying a 
substrate (Wl , W2), respectively on two or more of the movable stages (WST1 , WST2) of the stage 
equipment, and positioning two or more of the movable stages in an exposure location by turns. 
[0030] According to the 3rd aligner of this this invention, performing exposure actuation on one movable 
stage (WST1) of two or more of the movable stages (WST1, WST2), carrying-in taking out and alignment 
actuation of a substrate can be performed, and improvement in a throughput can be aimed at on another 
movable stage (WST2). Moreover, since it has stage equipment of this invention, the location of two or 
more of the movable stages is measurable to high degree of accuracy. 

[0031] Next, the 4th aligner by this invention is the stage equipment of this invention, and an aligner 
equipped with the projection optical system (PL). A substrate (W) is laid on the 1st [ of two or more of the 
movable stages (WST, 14) of the stage equipment ] movable stage (WST). The property metering device 
(20) for measuring the image formation property of the projection optical system is laid on the 2nd movable 
stage (14), and a predetermined mask pattern is exposed through the projection optical system on the 
substrate on the 1 st movable stage. 

[0032] According to the 4th aligner of this this invention, by giving only the minimum function required for 
exposure to the 1st movable stage (WST) used for original exposure, miniaturization of the 1st movable 
stage (WST) and lightweight-ization can be performed, and improvement in a throughput can be aimed at. 
On the other hand, there is no direct need in exposure, and since the property metering device (20) for 
measuring the image formation property of the projection optical system is carried in 2nd another movable 
stage (14), it can also measure an image formation property. Moreover, since it has stage equipment of this 
invention, the location of two or more of the movable stages is measurable to high degree of accuracy. 
[0033] Next, the 1st positioning approach by this invention is the positioning approach which used the stage 
equipment of this invention. When one movable stage (WST) in two or more of the movable stages (WST, 
14) goes into measurement within the limits of the 1st system of measurement Whenever [ to the 
predetermined amount of location gaps or its predetermined criteria location from a criteria location of that 
measurement within the limits of this movable stage / agreement ] is measured according to that 2nd system 
of measurement, and the measurement value of that 1 st system of measurement is amended based on this 
measurement result. According to this positioning approach, two or more of the movable stages can be 
positioned to high degree of accuracy in the condition of having repeatability easily, respectively. 
[0034] Next, the 2nd positioning approach by this invention is the positioning approach which used the 
stage equipment of this invention. In case one movable stage in two or more of the movable stages (WST1 , 
WST2) goes into the measurement within the limits of ** a 1st from the 2nd measurement range side 
According to those 1st and 2nd system of measurement, the location of that movable stage is measured 
simultaneously and the measurement result of that 1st system of measurement is doubled with the 
measurement result of that 2nd system of measurement based on this measurement result. According to this 
positioning approach, two or more of the movable stages can be positioned to high degree of accuracy in the 
condition of having repeatability easily, respectively. 
[0035] 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 - drawing 4 , it explains per gestalt of 
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operation of the 1st of this invention. This example applies this invention to the projection aligner of step - 
and - scanning method. Drawing 1 shows the projection aligner of this example, and the exposure light IL 
injected from the illumination system 1 containing a fly eye lens, a quantity of light monitor, an adjustable 
aperture diaphragm, a field diaphragm, a relay lens system, etc. for the exposure light source, beam plastic 
surgery optical system, and illuminance distribution equalization illuminates the lighting field of the shape 
of a slit of the pattern side (underside) of Reticle R through a mirror 2 and a condensing lens 3 in this 
drawing 1 at the time of exposure. As an exposure light IL, excimer laser light, such as KrF (wavelength of 
248nm) or ArF (wavelength of 193nm), the higher harmonic of an YAG laser, or i line (wavelength of 
365nm) of a mercury lamp can be used. By switching the adjustable aperture diaphragm within an 
illumination system 1 , it is constituted so that the lighting of the request of the usual lighting, zona- 
orbicularis lighting, the so-called deformation lighting, the lighting of a small coherence factor (sigma 
value), etc. can be chosen. When the exposure light source is a laser light source, the main control system 10 
which carries out control control of the actuation of the whole equipment controls the luminescence timing 
etc. through a non-illustrated laser power source. 

[0036] It is reduced through a projection optical system PL for the projection scale factor beta (beta is 1/4 
time or 1/5 time), and the image of the pattern in the lighting field 9 (refer to drawing 3 ) by the exposure 
light IL of Reticle R is projected on the exposure field 12 of the shape of a slit on the wafer (wafer) W with 
which the photoresist was applied. Hereafter, the Z-axis is taken to the optical axis AX of a projection 
optical system PL at parallel, the X-axis is taken along the non-scanning direction (namely, direction 
vertical to the space of drawing 1 ) which intersects perpendicularly with the reticle R at the time of scan 
exposure, and the scanning direction of Wafer W in a flat surface vertical to the Z-axis, and a Y-axis is taken 
and explained along a scanning direction (namely, direction parallel to the space of drawing 1 ). 
[0037] First, Reticle R is held by vacuum adsorption on a reticle stage RST, and the reticle stage RST is laid 
free [ migration in the direction of Y ] through the pneumatic bearing on guide of two 4 A arranged at 
parallel, and 4B. Furthermore, in this example, the stage 5 for measurement is laid free [ migration in the 
direction of Y ] through the pneumatic bearing on guide 4A and 4B independently [ a reticle stage RST ]. 
[0038] Drawing 3 is the top view showing a reticle stage RST and the stage 5 for measurement, and in this 
drawing 3 , along with the guides 4A and 4B extended in the direction (scanning direction) of Y, the reticle 
stage RST and the stage 5 for measurement are laid so that it may drive in the direction of Y with a non- 
illustrated linear motor etc., respectively. The die length of Guides 4A and 4B is set up for a long time by 
the width of face of the stage 5 for measurement at least rather than the migration stroke of the reticle stage 
RST at the time of scan exposure. Moreover, the reticle stage RST is constituted combining the coarse 
adjustment stage where it moves in the direction of Y, and the jogging stage which can tune a two- 
dimensional location finely on this coarse adjustment stage. Furthermore, on the reticle mark stage RST, one 
pair of reference mark plate 17C 17C [ 1 and ]2 is fixed by physical relationship which sandwiches Reticle 
R in the direction of X, and the reference marks MCI and MC2 of 2-dimensional one, for example, a cross- 
joint mold, are formed in reference mark plate 17C 17C [ 1 and ]2, respectively. The physical relationship of 
reference marks MCI and MC2 and the original edition pattern of Reticle R is beforehand measured by high 
degree of accuracy, and is memorized by the storage section of the main control system 10. 
[0039] And the orientation plate 6 which consists of a long and slender glass plate in the direction of X is 
fixed on the stage 5 for measurement, and two or more index marks IM for image formation property 
measurement of a projection optical system PL are formed by predetermined arrangement on the orientation 
plate 6. The orientation plate 6 equips the lighting field 9 of the shape of a slit of the exposure light to 
Reticle R, and twist accuracy only with the magnitude which can cover the width of face of the direction of 
X of the visual field by the side of the reticle R of a projection optical system PL. By using an orientation 
plate 6, since it is not necessary to prepare the exclusive reticle for image formation property measurement 
and and the swap time of the reticle R for real exposure and its exclusive reticle also becomes unnecessary, 
an image formation property can be measured in high frequency, and aging of a projection optical system 
PL can be followed at accuracy. Moreover, while the stage 5 for measurement is also equipped with the 
positioning device in the minute range to the direction of X (the non-measuring direction), on the stage 5 for 
measurement, one pair of reference mark plate 17D 17D [ 1 and ]2 is fixed by it so that an orientation plate 
6 may be inserted in the direction of X, and the reference marks MD1 and MD2 of 2-dimensional one, for 
example, a cross-joint mold, are formed in it at reference mark plate 17D 17D [ 1 and ]2, respectively. The 
physical relationship of reference marks MD1 and MD2 and two or more index marks IM is also beforehand 
measured by accuracy, and is memorized by the storage section of the main control system 10. 
[0040] Thus, in this example, the stage 5 for measurement for orientation plate 6 is formed independently, 
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and the member for measurement is not carried besides Reticle R on the original reticle stage RST. That is, 
in order to equip a reticle stage RST only with necessary minimum scan and positioning function for scan 
exposure, miniaturization of a reticle stage RST and lightweight-ization are realized. Therefore, since a 
reticle stage RST can be scanned more at a high speed, the throughput of an exposure process improves, in 
cutback projection, since especially the scan speed of a reticle stage RST becomes twice [ 1/beta ] (for 
example, 4 times, 5 times, etc.) the scan speed of a wafer stage, the upper limit of a scan speed may be 
determined mostly in a reticle stage, and its throughput improves greatly especially by this example in this 
case. 

[0041] Moreover, a laser beam is irradiated by migration mirror 24Y of the side face of the direction of +Y 
of a reticle stage RST from laser interferometer 7Y installed in the direction of +Y to Guides 4 A and 4B. + 
A laser beam is irradiated by migration mirror 24X of the side face of the direction of +X of a reticle stage 
RST from the biaxial laser interferometer 7X1 installed in the direction of X, and 7X2. By laser 
interferometer 7Y, 7X1, and 7X2, the X coordinate of a reticle stage RST, A Y coordinate and an angle of 
rotation are measured, a measurement value is supplied to the main control system 10 of drawing 1 , and the 
main control system 10 controls the rate and location of a reticle stage RST through a linear motor etc. based 
on the measurement value. Moreover, a laser beam is irradiated by migration mirror 25 Y of the side face of 
the direction of -Y of the stage 5 for measurement from laser interferometer 8Y installed in the direction of - 
Y to Guides 4A and 4B, and the Y coordinate of the stage 5 for measurement measured by laser 
interferometer 8Y is supplied to the main control system 10. The optical axis of the laser interferometers 7Y 
and 8Y of a Y-axis has passed through the core AX of the lighting field 9, i.e., the optical axis of a 
projection optical system PL, along the direction of Y, respectively, and laser interferometers 7Y and 8Y are 
always measuring the location of the scanning direction of a reticle stage RST and the stage 5 for 
measurement, respectively. 

[0042] In addition, mirror plane processing of the side face in which a reticle stage RST intersects 
perpendicularly is carried out, you may consider that these mirror planes are the migration mirrors 24X and 
24Y, mirror plane processing of the side face in which the stage 5 for measurement intersects 
perpendicularly is carried out, and you may consider that these mirror planes are the migration mirrors 25X 
and 25Y. Furthermore, in this example, as shown in drawing 1 , one pair of reticle alignment microscopes 
RA and RB for detecting the amount of location gaps of the alignment mark (reticle mark) formed on 
Reticle R and the reference mark on a corresponding wafer stage (un-illustrating) above Reticle R are 
arranged. The straight line passing through the detection core of the reticle alignment microscopes RA and 
RB is parallel to the X-axis, and the core based on [ those ] detection has agreed in the optical axis AX. In 
this example, the location of the reference marks MCI and MC2 on the reticle stage RST shown in drawin g 
3 and the reference marks MD1 and MD2 on the stage 5 for measurement is detected using the reticle 
alignment microscopes RA and RB corresponding to the 2nd system of measurement (absolute value system 
of measurement) of this invention. 

[0043] And at the time of measurement of an image formation property, a reticle stage RST is made to shunt 
in the direction of +Y, and if it moves in the direction of Y on the stage 5 for measurement so that an 
orientation plate 6 may cover the lighting field 9 mostly, a laser interferometer 7X1 and the laser beam from 
7X2 will separate from the side face of a reticle stage RST, and will come to be irradiated by migration 
mirror 25X of the direction of +X of the stage 5 for measurement, the detection core where the reticle 
alignment microscopes RA and RB detect the amount of location gaps from the detection core (core of a 
visual field) of the reference marks MD1 and MD2 on an orientation plate 6, respectively, and, as for the 
main control system 10 of drawing 1 , the core of reference marks MD1 and MD2 corresponds, respectively 
at this time — receiving — the symmetry — and the stage 5 for measurement is positioned so that the amount 
of location gaps may become small most. And the laser interferometer 7X1 of the X-axis and the 
measurement value of 7X2 are reset in this condition, respectively. In addition, those measurement values 
may be preset to a predetermined value. 

[0044] After this, it is measured by high degree of accuracy in a laser interferometer 7X1 and the condition 
that the location of the direction of X of the stage 5 for measurement and an angle of rotation have 
repeatability by 7X2, and the location of the direction of Y of the stage 5 for measurement is always 
measured by high degree of accuracy by laser interferometer 8Y. Therefore, based on these measurement 
values, the main control system 10 can control the location of the stage 5 for measurement to high degree of 
accuracy through a linear motor etc. In addition, you may make it preset a laser interferometer 7X1 and the 
measurement value of 7X2 to the value which corresponds, respectively based on those amounts of location 
gaps instead of making the amount of location gaps of reference marks MD1 and MD2 into min as 
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mentioned above. 

[0045] On the other hand, although the location of the non-scanning direction of a reticle stage RST is not 
measured during measurement, if a reticle stage RST arrives at the bottom of the lighting field 9 for 
exposure, a laser interferometer 7X1 and the laser beam from 7X2 will come to be again irradiated by 
migration mirror 24X of a reticle stage RST. And like the case of the stage 5 for measurement, the amount 
of location gaps of the reference marks MCI and MC2 on a reticle stage RST is detected using the reticle 
alignment microscopes RA and RB, and the main control system 10 is in the condition which positioned the 
reticle stage RST so that those amounts of location gaps may become symmetrically and the smallest, and it 
presets a laser interferometer 7X1 and the measurement value of 7X2 to a predetermined value. The location 
of the direction of X of a reticle stage RST and measurement of an angle of rotation are performed in the 
condition that it is reproducible after this, and since the location of the direction of Y is always measured by 
laser interferometer 7Y, it can be positioned in the location of the request of a reticle stage RST to high 
degree of accuracy. Therefore, there is no inconvenience of a laser interferometer 7X1 and the laser beam 
from 7X2 breaking off. 

[0046] Return and Wafer W are held through a non-illustrated wafer holder at the wafer stage WST top, and 
the wafer stage WST is laid by drawing 1 free [ migration in the direction of X, and the direction of Y ] 
through the pneumatic bearing on the surface plate 13. The focal leveling device which controls the location 
(focal location) of the Z direction of Wafer W and a tilt angle is also included in the wafer stage WST. 
Moreover, the stage 14 for measurement where it had various kinds of metering devices in the direction of X 
and the direction of Y free [ migration ] through the pneumatic bearing with another object is laid in the 
wafer stage WST on the surface plate 13. The device which controls the focal location of the top face is 
included also in the stage 14 for measurement. 

[0047] Drawing 2 is the top view showing the wafer stage WST and the stage 14 for measurement, and is set 
to this drawing 2 . In the interior of the front face of a surface plate 13, a coil train is embedded in a 
predetermined array. In the base of the wafer stage WST, and the base of the stage 14 for measurement, a 
magnet train is embedded with a yoke, respectively. A flat-surface motor is constituted by that coil train and 
the corresponding magnet train, respectively, and the location of the direction of X of the wafer stage WST 
and the stage 14 for measurement and the direction of Y and the angle of rotation are controlled by this flat- 
surface motor mutually-independent. In addition, about the flat-surface motor, it is indicated more by the 
detail, for example in JP,8-51756,A. 

[0048] The wafer stage WST of this example is equipped only with the minimum function required for 
exposure. That is, while the wafer stage WST is equipped with a focal leveling machine, on the wafer stage 
WST, the wafer holder (base side of Wafer W) which carries out adsorption maintenance of the wafer W, 
and reference mark plate 17A in which reference mark MA for location measurement of the wafer stage 
WST was formed are installed. On reference mark plate 1 7A, the reference mark for reticle alignment (un- 
illustrating) is also formed. 

[0049] Moreover, as shown in drawing 1 , by the off-axis method for the alignment of Wafer W, the wafer 
alignment sensor 16 of an image-processing method adjoins a projection optical system PL, and is formed, 
and the detecting signal of the wafer alignment sensor 16 is supplied to the alignment processor in the main 
control system 10. The wafer alignment sensor 16 is a sensor for location measurement of the alignment 
mark (wafer mark) attached to each shot field on Wafer W. In this example, location detection of reference 
mark MA on the wafer stage WST etc. is performed using the wafer alignment sensor 16. That is, the wafer 
alignment sensor 16 supports the 2nd system of measurement (absolute value system of measurement) of 
this invention. 

[0050] Moreover, the front face of the stage 14 for measurement is set as the almost same height as the front 
face of the wafer W on the wafer stage WST. In drawing 2 and in the stage 14 for measurement A projection 
optical system PL The energy per all unit time amount of the exposure light which passed (Incidence 
energy) The illuminance unevenness sensor 19 which consists of a photoelectrical sensor for measuring the 
illuminance distribution in the exposure field 12 of the shape of a slit by the dose monitor 18 and projection 
optical system PL which consist of a photoelectrical sensor for measuring, the measurement plate 20 with 
which the slits 2 IX and 21 Y for image formation property measurement were formed, And reference mark 
plate 17B in which the reference mark MB used as a datum reference was formed is being fixed. The 
physical relationship of a reference mark MB and illuminance unevenness sensor 19 grade is beforehand 
measured by high degree of accuracy, and is memorized by the storage section of the main control system 
10 of drawing 1 . The location of a reference mark MB is also measured by the wafer alignment sensor 16. 
[0051] A condenser lens and a photoelectrical sensor are arranged at the slit 2 IX [ of the X-axis of the 
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measurement plate 20 ], and base side of slit 21 Y of a Y-axis, respectively, and the space image detection 
system consists of a measurement plate 20, a photoelectrical sensor, etc. In addition, the edge of rectangle 
opening may be used instead of the slits 21X and 21 Y. And while the light-receiving side of the dose 
monitor 18 is formed in wrap magnitude in the exposure field 12, the light sensing portion of the 
illuminance unevenness sensor 19 has become pinhole- like, and the detecting signal of the dose monitor 1 8 
and the illuminance unevenness sensor 19 is supplied to the main control system 10 of drawing 1 . 
[0052] Moreover, the detecting signal of the photoelectrical sensor of the pars basilaris ossis occipitalis of 
the measurement plate 20 is supplied to the image formation property operation system 1 1 of drawing 1 . in 
this case, at the time of measurement of the image formation property of a projection optical system PL The 
orientation plate 6 on the stage 5 for measurement by the side of the reticle of drawing 3 is moved to the 
lighting field 9. The detecting signal from the photoelectrical sensor of a pars basilaris ossis occipitalis is 
incorporated by the image formation property operation system 1 1 , the image of the index mark IM 
currently formed in the orientation plate 6 being projected on a wafer stage side, and scanning the image in 
the direction of X, and the direction of Y to the slits 2 IX and 21 Y on the measurement plate 20, 
respectively. By the image formation property operation system 1 1 , that detecting signal is processed, the 
location of the image of that index mark IM, contrast, etc. are detected, and it outputs to the main control 
system 10 in quest of image formation properties, such as a curvature of field of a projection image, 
distortion, and a best focus location, from this detection result. Furthermore, although not illustrated, the 
device which drives the predetermined lens within a projection optical system PL, and amends image 
formation properties, such as a predetermined distortion, is also established, and the main control system 10 
is constituted so that the image formation property of a projection optical system PL can be amended 
through this amendment device. 

[0053] In drawing 2 , sources of generation of heat, such as amplifier, and the power source, and the signal 
cable for a communication link are connected to sensors, such as the dose monitor 1 8 with which the stage 
14 for measurement is equipped, the illuminance unevenness sensor 19, and a photoelectrical sensor of the 
pars basilaris ossis occipitalis of the measurement plate 20, by each. Therefore, when those sensors are 
carried in the wafer stage WST for exposure, there is a possibility that positioning accuracy etc. may 
deteriorate with the tension of the heat source which accompanies a sensor, or a signal cable. Moreover, the 
heat energy by the exposure of the exposure light under measurement of an image formation property etc. 
also has a possibility of causing aggravation of positioning accuracy etc. On the other hand, in this example, 
since those sensors are formed in the stage 14 for measurement separated from the wafer stage WST for 
exposure, there is an advantage to which lowering of a miniaturization and the positioning accuracy by the 
heat source of the sensor for measurement or the heat energy of the exposure light under measurement while 
being able to carry out [ lightweight ]-izing can prevent the wafer stage WST. Furthermore, while the 
passing speed and the controllability of the wafer stage WST improve and the throughput of an exposure 
process increases by the miniaturization of the wafer stage WST, positioning accuracy etc. improves more. 
[0054] Moreover, a laser beam is irradiated by migration mirror 22Y of the side face of the direction of +Y 
of the wafer stage WST from laser interferometer 15Y installed in the direction of +Y to the surface plate 
13. - A laser beam is irradiated by migration mirror 22X of the side face of the direction of -X of the wafer 
stage WST from the biaxial laser interferometer 15X1 installed in the direction of X, and 15X2. The X 
coordinate of the wafer stage WST, a Y coordinate, and an angle of rotation are measured by laser 
interferometer 15Y, 15X1, and 15X2, a measurement value is supplied to the main control system 10 of 
drawing 1 , and the main control system 10 controls the rate and location of the wafer stage WST by them 
through a flat-surface motor based on the measurement value. Similarly, migration mirror 23X of the X-axis 
and migration mirror 23 Y of a Y-axis are attached also in the side face of the stage 14 for measurement. In 
addition, mirror plane processing of the side face in which the wafer stage WST intersects perpendicularly 
may be carried out, and you may consider that these mirror planes are the migration mirrors 22X and 22Y, 
and may consider similarly that the mirror planes of the side face of the stage 14 for measurement are the 
migration mirrors 23X and 23Y. 

[0055] And at the time of measurement of the incidence energy of exposure light etc., the laser beam for 
those location measurement is irradiated by the migration mirrors 23X and 23 Y of the stage 14 for 
measurement. Drawing 4 The wafer stage WST at the time of measurement of the incidence energy of 
exposure light etc., And if it moves on the stage 14 for measurement so that an example of arrangement of 
the stage 14 for measurement may be shown, the wafer stage WST may be made to shunt in the location 
distant from the exposure field 12 in this way and the exposure field 12 may be started A laser 
interferometer 15X1, 15X2, and the laser beam from 15Y separate from the migration mirrors 22X and 22 Y 
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of the wafer stage WST, and come to be irradiated by the migration mirrors 23X and 23 Y of the stage 14 for 
measurement. At this time, where the angle of rotation of the stage 14 for measurement is controlled, the 
reference mark MB on the stage 14 for measurement detects the amount of location gaps from the detection 
core of a reference mark MB, so that it may enter in visual field 16a of the wafer alignment sensor 16 of 
drawing 1 , and it may move on the stage 14 for measurement and the laser interferometer 15X1 of the 
biaxial X-axis and the measurement value of 1 5X2 may turn into the same value. And the main control 
system 10 presets X component and Y component of this amount of location gaps at the measurement value 
of a laser interferometer 15X1, 15X2, and laser interferometer 15Y, respectively. After this, the location of 
the stage 14 for measurement is measured by high degree of accuracy in a laser interferometer 1 5X1 , 1 5X2, 
and the condition of having repeatability by 15Y, and the main control system 10 can control the location of 
the stage 14 for measurement to high degree of accuracy through a flat-surface motor based on this 
measurement value. 

[0056] Make the stage 14 for measurement shunt and it is made for a laser interferometer 15X1, 15X2, and 
the laser beam from 1 5Y to be irradiated by the migration mirrors 22X and 22Y of the wafer stage WST on 
the other hand, as shown in drawing 2 at the time of exposure. Move reference mark MA into visual field 
16a of the wafer alignment sensor 16, and in a laser interferometer 15X1 and the condition of having made 
the measurement value of 1 5X2 in agreement The amount of location gaps of reference mark MA is 
measured, and presetting of the measurement value of a laser interferometer 15X1, 15X2, and 1 5Y is 
performed based on this measurement value. Positioning of the wafer stage WST is carried out to high 
degree of accuracy in the condition of having repeatability after this. In addition, since the location of the 
wafer stage WST and the stage 14 for measurement is roughly controllable also by driving a flat-surface 
motor with open-loop, in the condition that the laser beam is not irradiated, the main control system 10 
drives the location of the wafer stage WST and the stage 14 for measurement by the open loop system using 
a flat-surface motor. 

[0057] Although not illustrated [ return and ] to drawing 1 , in the side face of a projection optical system 
PL, the focal location detection system (AF sensor) of the oblique incidence method for measuring the focal 
location of the front face of Wafer W is arranged, and the front face of the wafer W under scan exposure 
focuses to the image surface of a projection optical system PL based on this detection result. Next, it 
explains per actuation of the projection aligner of this example. First, the amount of incident light of the 
exposure light IL to a projection optical system PL is measured using the stage 14 for measurement by the 
side of a wafer stage. In this case, in order to measure the amount of incident light in the condition that 
Reticle R was loaded, in drawing 1 , the reticle R for exposure is loaded on a reticle stage RST, and Reticle 
R moves onto the lighting field of the exposure light IL. Then, as shown in drawing 4 , on a surface plate 13, 
it shunts in the direction of +Y and the stage 14 for measurement moves toward the exposure field 12 by the 
projection optical system PL on the wafer stage WST. Then, as mentioned above, after performing 
presetting of the measurement value of 2 and 15Y, the stage 14 for measurement stops [ the light-receiving 
side of the dose monitor 18 on a laser interferometer 15X1, and the 15X stage 14 for measurement ] the 
exposure field 12 in a wrap location, and the quantity of light of the exposure light IL is measured through 
the dose monitor 1 8 in this condition. 

[0058] By the main control system 10, the measured quantity of light is supplied to the image formation 
property operation system 1 1 . under the present circumstances, it is alike, for example, the measurement 
value which detects the flux of light acquired from the exposure light IL by branching within an illumination 
system 1, and is obtained is also supplied to the image formation property operation system 11, and the 
multiplier for calculating indirectly the quantity of light which carries out incidence to a projection optical 
system PL is computed and memorized by the image formation property operation system 1 1 based on two 
measurement values from the quantity of light by which a monitor is carried out within an illumination 
system 1 . In the meantime, Wafer W is loaded to the wafer stage WST. Then, as shown in drawing 2 , the 
stage 14 for measurement shunts in the location distant from the exposure field 12, and the wafer stage WST 
moves toward the exposure field 12 on it. While the wafer stage WST is shunting, as shown in drawing 4 , 
since the laser beam from laser interferometer 15Y, 15X1, and 15X2 is not irradiated, position control is 
performed by driving a flat-surface motor by the open loop system. 

[0059] And make the stage 14 for measurement shunt the exposure field 12, and the wafer stage WST is 
moved to the location concerning the exposure field 12. After performing presetting of the measurement 
value of laser interferometer 15Y, 15X1, and 15X2 as mentioned above, Migration of the wafer stage WST 
is performed so that the core of the reference mark for the reticles on reference mark member 17A on the 
wafer stage WST (un-illustrating) may be located near optical-axis AX (core of the exposure field 12). 
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Then, alignment of Reticle R is performed by driving the reticle stage RST of drawing 1 so that the amount 
of location gaps of the reticle mark on Reticle R and the reference mark to which it corresponds on reference 
mark plate 17A may come in predetermined tolerance using the reticle alignment microscopes RA and RB. 
Almost simultaneously with this, spacing (the amount of base lines) of the detection core of the sensor and 
the core of the projection image of Reticle R is detected by accuracy by detecting again the location of 
another reference mark MA on the reference mark plate 17A by the wafer alignment sensor 16 of drawing 
1. 

[0060] Next, the array coordinate of each shot field of Wafer W is searched for by detecting the location of 
the wafer mark attached to the predetermined shot field on Wafer W (sample shot) through the wafer 
alignment sensor 16. Then, scan exposure is performed, performing alignment of the shot field for [ of 
Wafer W ] exposure, and the pattern image of Reticle R based on the array coordinate and the above- 
mentioned amount of base lines. At the time of the scan exposure to each shot field on Wafer W In drawing 
1 , it synchronizes with Reticle R being scanned at a rate VR in the direction (or the direction of -Y) of +Y 
through a reticle stage RST to the lighting field 9 (refer to drawing 3 ) of the exposure light IL. Wafer W is 
scanned by rate beta-VR (beta is a projection scale factor) in the direction of -X (or the direction of +X) 
through the wafer stage WST to the exposure field 12. 

[0061] During exposure, the quantity of light of the flux of light which branched from the exposure light IL 
for example, within the illumination system 1 is always measured, and the image formation property 
operation system 1 1 is supplied. Moreover, by the image formation property operation system 1 1 The 
measurement value of the quantity of light supplied and the quantity of light of the exposure light IL which 
carries out incidence to a projection optical system PL based on the multiplier for which it has asked 
beforehand are computed. The variation of the image formation properties (a projection scale factor, 
distortion, etc.) of the projection optical system PL generated by absorption of the exposure light IL is 
calculated, and this count result is supplied to the main control system 10. By the main control system 10, 
the image formation property is amended by driving the predetermined lens within a projection optical 
system PL, for example. 

[0062] Although the above is the usual exposure, when measuring a device status by the maintenance of the 
projection aligner of this example etc., it measures by moving the stage 14 for measurement to the exposure 
field 12 side. For example, when measuring the illuminance homogeneity in the exposure field 12, after 
removing Reticle R from a reticle stage RST, illuminance distribution is measured in drawing 4 , moving the 
illuminance unevenness sensor 19 slightly in the direction of X, and the direction of Y in the exposure field 
12. 

[0063] Next, it explains per [ which measures image formation measurement of a projection optical system 
PL ] actuation using the stage 5 for measurement by the side of a reticle stage, and the stage 14 for 
measurement by the side of a wafer stage. In this case, in drawing 3 , a reticle stage RST shunts in the 
direction of +Y, and the orientation plate 6 on the stage 5 for measurement moves into the lighting field 9 in 
it. At this time, the laser interferometer 7X1 of a non-scanning direction and the laser beam from 7X2 also 
come to be irradiated by the stage 5 for measurement, and reset (or presetting) of a measurement value is 
performed as mentioned above using the reticle alignment microscopes RA and RB. Then, the stage 5 for 
measurement is positioned by high degree of accuracy based on the measurement value of a laser 
interferometer 7X1, 7X2, and 8Y. 

[0064] At this time, as already explained, the image of two or more index marks IM is projected on a wafer 
stage side through a projection optical system PL. In this condition, the location of those images and 
contrast are searched for in drawing 4 by driving the stage 14 for measurement, scanning the image of that 
index mark IM in the direction of X, and the direction of Y to the slit on the measurement plate 20, and 
processing the detecting signal of the photoelectrical sensor of the pars basilaris ossis occipitalis of the 
measurement plate 20 by the image formation property operation system 11. Moreover, the location of those 
images and contrast are searched for, changing the focal location of the measurement plate 20 the specified 
quantity every. From these measurement results, the image formation property operation system 1 1 
calculates the amount of fluctuation of image formation properties, such as a best focus location of the 
projection image of a projection optical system PL, a curvature of field, and distortion (a scale- factor error is 
included). When this amount of fluctuation is supplied to the main control system 10 and that amount of 
fluctuation exceeds tolerance, the main control system 10 amends the image formation property of a 
projection optical system PL. 

[0065] As mentioned above, since the location of reference marks MA and MB is detected and presetting of 
a laser interferometer 1 5X1 , 1 5X2, and 1 5Y is performed based on this positional information by the wafer 
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alignment sensor 16, the location of the wafer stage WST or the stage 14 for measurement can be measured 
to high degree of accuracy with high repeatability by the laser interferometer 15X1, 15X2, and 15Y, and it 
can control by the projection aligner of this example. The location of a reticle stage RST or the stage 5 for 
measurement can be measured and controlled by high repeatability to high degree of accuracy by similarly, 
the reticle alignment microscopes' RA and RB detecting reference marks MCI and MC2 or the location of 
MD1 and MD2, and performing a laser interferometer 7X1, reset of 7X2, etc. 

[0066] Next, with reference to drawing 5 - drawing 12 , it explains per gestalt of operation of the 2nd of this 
invention. This example applies this invention to the projection aligner of step - exposed with a double 
exposure method, and - scanning method. Drawing 5 shows the outline configuration of the projection 
aligner of this example, and sets it to this drawing 5 . The projection aligner of this example Stage 
equipment equipped with the wafer stages WST1 and WST2 as two or more movable stages which hold the 
base board 86, respectively and move independently the wafers Wl and W2 as an induction substrate in the 
two-dimensional direction for it, The reticle drive which drives the reticle Rl as a mask, or R2 (refer to 
drawing 6 ) to a predetermined scanning direction in the upper part of the projection optical system PL 1 
arranged above this stage equipment, and a projection optical system PL 1, It has the illumination system 
which illuminates reticles Rl and R2 from the upper part, the control system which controls these each part. 
Hereafter, the Z-axis is taken to the optical axis AX1 of a projection optical system PL 1 at parallel, in a flat 
surface vertical to the Z-axis, at right angles to the space of drawing 5 , a Y-axis is taken in the space of 
drawing 5 , and the X-axis is explained to parallel at it. In this example, a direction (the direction of Y) 
parallel to a Y-axis is a scanning direction. 

[0067] First, floatation support was carried out through the non-illustrated air bearing on the base board 86, 
and stage equipment is equipped with wafer stage drive-system 81 W which drive two wafer stages WST1 
and WST2 freely movable independently in the direction of X, and the direction of Y, and these wafer 
stages WST1 and WST2, and the interferometer systems which measure the location of the wafer stages 
WST1 and WST2. 

[0068] If this is explained further in full detail, the non-illustrated air pad (for example, vacuum 
precompression mold air bearing) is prepared in the base of the wafer stages WST1 and WST2 at two or 
more places, and where spacing of several micrometers is maintained by balance of air ********** of this 
air pad, and a vacuum precharge pressure, floatation support of the wafer stages WST1 and WST2 is carried 
out on the base board 86. 

[0069] Drawing 7 shows the drive of the wafer stages WST1 and WST2, and the X-axis linear guides 95 A 
and 95B of two prolonged in the direction of X on the base board 86 are formed in parallel in this drawing 
7 . Along with the X-axis linear guides 95A and 95B, 1 set of permanent magnets for linear motors are being 
fixed, respectively, and two migration members 93A and 93C and two migration members 93B and 93D are 
attached free [ migration ] along with these X-axis linear guides 95A and 95B, respectively. The non- 
illustrated drive coil is attached in the base section of these four migration members 93A-93D, respectively 
so that X-axis linear guide 95 A or 95B may be surrounded from the upper part and the side, and the linear 
motor of the moving coil type which drives each migration members 93A-93D in the direction of X by these 
drive coils, X-axis linear guide 95A, or 95B is constituted, respectively. So, in the following explanation, 
these migration members 93 A-93D shall be called a "X-axis linear motor" for convenience. 
[0070] Among these, two X-axis linear motors 93 A and 93B are formed in the ends of Y-axis linear guide 
94A prolonged in the direction of Y, and are being fixed to the ends of Y-axis linear guide 94B to which 
remaining two X-axis linear motors 93 C and 93 D are also prolonged in the direction of Y. 1 set of drive 
coils for linear motors are being fixed to the Y-axis linear guides 94A and 94B along the direction of Y, 
respectively. Therefore, Y-axis linear guide 94A is driven in the direction of X along with the X-axis linear 
guides 95 A and 95B with the X-axis linear motors 93 A and 93B, and Y-axis linear guide 94B is driven in 
the direction of X along with the X-axis linear guides 95 A and 95B with the X-axis linear motors 93C and 
93D. 

[0071] On the other hand, 1 set of permanent magnets which are not illustrated [ which surround one Y-axis 
linear guide 94A from the upper part and the side ] are prepared in the pars basilaris ossis occipitalis of the 
wafer stage WST1, and the linear motor of the MUBINGU magnet mold which drives the wafer stage 
WST1 in the direction of Y by this permanent magnet and Y-axis linear guide 94 A is constituted. The linear 
motor of the MUBINGU magnet mold which similarly drives the wafer stage WST2 in the direction of Y by 
1 set of permanent magnets which are not illustrated [ which were prepared in the pars basilaris ossis 
occipitalis of the wafer stage WST2 ] and Y-axis linear guide 94B is constituted. 

[0072] That is, the stage system which carries out two-dimensional actuation of the wafer stages WST1 and 
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WST2 on XY flat surface independently is constituted from this example by the permanent magnet which is 
not illustrated [ of the pars basilaris ossis occipitalis of the X-axis linear guides 95A and 95B mentioned 
above, the X-axis linear motors 93A-93D, the Y-axis linear guides 94A and 94B, and the wafer stages 
WST1 and WST2 ]. These wafer stages WST1 and WST2 are controlled by the stage control unit 38 
through stage drive-system 81 W of drawing 5 . Actuation of the stage control unit 38 is controlled by the 
main control unit 90. 

[0073] In addition, it is also possible to make the wafer stage WST1 generate very small yawing by 
changing a little the balance of the thrust of the X-axis linear motors 93 A and 93B of the couple prepared in 
the ends of Y-axis linear guide 94 A, or to remove. Similarly, by changing the balance of the thrust of the X- 
axis linear motors 93C and 93D of a couple a little, the wafer stage WST2 can be made to be able to 
generate very small yawing, or it can also remove on it. On these wafer stages WST [ WST1 and ] 2, wafers 
Wl and W2 are being fixed by vacuum adsorption etc. through the non-illustrated wafer holder, 
respectively. Minute actuation of the wafer holder is carried out by the non-illustrated Z-theta drive in a Z 
direction and the direction (surrounding hand of cut of the Z-axis) of theta. 

[0074] Moreover, the side faces of the direction of -X of the wafer stage WST1 and the direction of +Y are 
the reflectors 84X and 84Y (refer to drawing 6 ) where mirror finish was made, and the side faces of the 
direction of +X of the wafer stage WST2 and the direction of +Y are the reflectors 85X and 85 Y where 
mirror finish was made similarly. These reflectors support the migration mirror and it is projected on the 
measurement beam 92X2 which consists of a laser beam, 92X5, and 92Y1-92Y from each laser 
interferometer which constitutes the interferometer systems later mentioned to these reflectors. By receiving 
the reflected light with each laser interferometer, the variation rate from the datum level (generally a 
reference mirror is arranged on a projection optical system side face or the side face of alignment optical 
system, and let that be datum level) of each reflector is measured. By this The two-dimensional location of 
the wafer stages WST1 and WST2 is measured, respectively. In addition, the interferometer structure of a 
system is explained in full detail behind. 

[0075] In drawing 5 , it consists of two or more lens element which has the common optical axis of a Z 
direction as a projection optical system PL 1, and the cutback scale factor predetermined by the both-sides 
tele cent rucksack, for example, the dioptric system which has 1/5, is used. In addition, reflective refractive 
media and a reflective system may be used as a projection optical system PL 1 . The alignment systems 88A 
and 88B of the off-axis (off-axis) method which had the same function in the both sides of the direction of X 
of this projection optical system PL 1 mutually as shown in drawing 5 are installed in the location which 
only the same distance separated from the optical axis AX1 (it is in agreement with the core of the 
projection image of a reticle pattern) of a projection optical system PL 1, respectively. These alignment 
systems 88A and 88B have three kinds of alignment sensors (the LSA (Laser StepAlignment) system which 
uses a slit-like laser beam and the FIA (Field Image Alignment) system of an image-processing method, for 
example, the LIA (Laser InterferometricAlignment) system which detects the diffracted light of two 
heterodyne beams), and can perform location measurement of the two-dimensional direction (the direction 
of X, and the direction of Y) of the reference mark on a reference mark plate, and the alignment mark on a 
wafer. In this example, these three kinds of alignment sensors are properly used according to the object 
suitably, and the so-called search alignment which detects the location of the single dimension mark of three 
points on a wafer, and performs outline location measurement of a wafer, fine alignment which performs 
exact location measurement of each shot field on a wafer are performed. 

[0076] In this case, one alignment system 88A is used for location measurement of the alignment mark on 
the wafer Wl held on the wafer stage WST1 etc. Moreover, alignment system 88B of another side is used 
for location measurement of the alignment mark on the wafer W2 held on the wafer stage WST2 etc. It is 
supplied to the alignment control unit 80, with the alignment control unit 80, the detecting signal from each 
alignment sensor which constitutes these alignment systems 88A and 88B carries out A/D (analog to digital) 
conversion of the supplied detecting signal, carries out data processing of the digitized wave signal, and 
detects a mark location. This detection result is sent to a main control unit 90, and the location amendment 
information at the time of exposure etc. is outputted from a main control unit 90 to the stage control unit 38 
according to that detection result. 

[0077] Moreover, although the graphic display abbreviation was carried out, the auto-focusing / auto 
leveling measuring machine style (henceforth a "AF/AL system") for detecting the amount of defocusing 
from the best focus location of the exposure side of a wafer Wl (or W2) are prepared in each of a projection 
optical system PL 1 and the alignment systems 88A and 88B. Among this, the so-called multipoint AF 
system of an oblique incidence method is used as an AF/AL system of a projection optical system PL 1 . And 
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the same AF/AL system also as the alignment systems 88A and 88B is prepared. That is, in this example, it 
has composition which can irradiate a detection beam also by the AF/AL system used at the time of an 
alignment sequence to the almost same measurement field as AF/AL system used for detection of the 
amount of defocusing at the time of exposure. For this reason, location measurement of an alignment mark 
can be carried out to high degree of accuracy in a focus precision comparable as the time of exposure also at 
the time of the alignment sequence which used the alignment systems 88A and 88B. If it puts in another 
way, the offset (error) by the position of a stage will not occur between the times of exposure and alignment. 

[0078] Next, a reticle drive is explained with reference to drawing 5 and drawing 6 . This reticle drive held 
reticle Rl for the reticle base board 79 top, and is equipped with the linear motor which is not illustrated 
[ which holds reticle R2 along the same migration side, and drives the movable reticle stages RST2 and 
these reticle stages RST1 and RST2 in the two-dimensional direction with the reticle stage RST1 movable in 
the two-dimensional direction of XY flat surface ], and the reticle interferometer systems which manage the 
location of these reticle stages RST1 and RST2. 

[0079] As shown in drawing 6 , it is installed in the scanning direction (the direction of Y) by the serial, and 
floatation support is carried out on the reticle base board 79 through non-illustrated pneumatic bearing, and 
if this is explained further in full detail, these reticle stages RST1 and RST2 are constituted so that a minute 
revolution of minute actuation of the direction of X and the direction of theta and scan actuation of the 
direction of Y may be made by reticle stage drive 81R (refer to drawing 5 ). In addition, although reticle 
stage drive 8 1R makes the driving source the same linear motor as the stage equipment for wafers, drawin g 
5 shows it as a mere block from from [ after / expedient / explaining ]. For this reason, in case the reticles 
Rl and R2 on reticle stages RST [ RST1 and ] 2 are double exposure, it is used selectively, and it has wafers 
Wl and W2 and composition which can carry out a synchronous scan also about which reticles Rl and R2. 
[0080] On these reticle stages RST [ RST1 and ] 2 + The migration mirrors 82 A and 82B which change 
from the same raw materials (for example, ceramics etc.) as reticle stages RST1 and RST2 to the side face 
of the direction of X are installed in the direction of Y, respectively. It turns to the reflector of the direction 
of +X of these migration mirrors 82A and 82B. A laser interferometer The measurement beam 91X1 to 
91X5 which consists of a laser beam is irradiated from 83X1 to 83X5. (It is only hereafter called a 
"interferometer") In the interferometer 83X1 to 83X5, the location of the direction of X of reticle stages 
RST1 and RST2 is measured by receiving the reflected light and measuring the relative displacement over a 
predetermined datum plane. Here, the measurement beam 91X3 from an interferometer 83X3 has two 
measurement beams left in the direction of Y which can carry out displacement measurement independently 
actual, respectively, and can measure the location and the amount of yawing (surrounding angle of rotation 
of the Z-axis) of the direction of X of reticle stages RST1 and RST2 from these two measurement values. 
[0081] In this example, spacing of the direction of Y of the measurement beam 91X1 to 91X5 is set up 
shorter than the width of face of the direction of Y of the migration mirrors 82 A and 82B, and which 
measurement beam 91X1 to 91X5 is always irradiated by the migration mirrors 82 A and 82B by this. 
Moreover, two measurement beams (for example, 91X1, 91X2) which adjoin at a certain event come to be 
simultaneously irradiated by the same migration mirror (for example, 82B), and the interferometer 83X1 
which corresponds this condition, and 83X2 can consider that the measurement range overlaps selectively. 
By this, the measurement value of an interferometer 83X1 to 83X4 can be delivered to the measurement 
value of an interferometer 83X2 to 83X5 one by one like the after-mentioned at high degree of accuracy. 
The measurement value of an interferometer 83X1 to 83X5 is supplied to the stage control device 38 of 
drawing 5 , and in order that the stage control device 38 may amend a synchronization error with the wafer 
stages WST1 and WST2 based on these measurement values, the roll control of reticle stages RST1 and 
RST2 and position control of the direction of X are performed through reticle stage drive 81R. 
[0082] On the other hand, in drawing 6 , the cube comer reflectors 89A and 89B as a migration mirror of a 
couple are installed in the edge of the direction of -Y along the scanning direction of the 1st reticle stage 
RST1 . And from the interferometer (un-illustrating) of the double pass method of a couple, the measurement 
beam (it represents with one measurement beam at drawing 6 ) 91 Yl which consists of two laser beams, 
respectively, and 91 Y2 are irradiated to these cube corner reflectors 89A and 89B, and the relative 
displacement of the direction of Y of a reticle stage RST1 is measured to a predetermined datum plane by 
the interferometer of the couple which is not illustrated [ the ]. Moreover, the cube corner reflectors 89C and 
89D of a couple are installed also in the edge of the direction of +Y of the 2nd reticle stage RST2. The 
measurement beam 91 Y3 and 91 Y4 (it consists of two laser beams actually, respectively) are irradiated to 
these cube corner reflectors 89C and 89D from the interferometer 83 Y3 of the double pass method of a 
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couple, and 83 Y4. The variation rate of the direction of Y of a reticle stage RST2 is measured by an 
interferometer 83Y3 and 83Y4, respectively. 

[0083] The measurement value of the interferometer of these double pass methods is also supplied to the 
stage control device 38 of drawing 5 , and the location of the direction of Y of reticle stages RST1 and RST2 
is controlled based on the measurement value. That is, the interferometer systems for reticle stages are 
constituted from this example by the interferometer 83X1 to 83X5 which has the measurement beam 91X1 
to 91X5, and the measurement beam 91 Yl, 91Y2 and the measurement beam 91 Y3 and the interferometer 
of two pairs of double pass methods which have 91 Y4. In addition, an interferometer 83X1 to 83X5 is 
expressed by drawing 5 by the interferometer 83, and the migration mirrors 82A and 82B and the 
measurement beam 91X1 to 91X5 are expressed by drawing 5 by the migration mirror 82 and measurement 
beam 9 IX, respectively. 

[0084] Next, the interferometer systems which manage the location of the wafer stages WST1 and WST2 
are explained with reference to drawing 5 - drawing 7 . As shown in drawing 5 - drawing 7 , in accordance 
with the shaft parallel to the X-axis, the measurement beam 92X2 which consists of an interferometer 87X2 
from the laser beam of three shafts is irradiated by reflector 84X of the side face of the direction of -X of the 
wafer stage WST1 through the core (optical axis AX1) of the projection image of a projection optical 
system PL 1, and each detection core of the alignment systems 88A and 88B. Similarly, the measurement 
beam 92X5 which consists of a laser beam of three shafts is irradiated by reflector 85X of the side face of 
the direction of +X of the wafer stage WST2 from the interferometer 87X5. In an interferometer 87X2 and 
87X5, the relative displacement to the direction of X from the criteria location of each reflector is measured 
by receiving those reflected lights. 

[0085] As shown in drawing 6 , in this case, the measurement beam 92X2 and 92X5 Since it is the laser 
beam of three shafts which can perform displacement measurement mutually-independent, respectively, the 
corresponding interferometer 87X2 and 87X5 Tilt angle (surrounding angle of rotation of Y-axis) 
measurement of each stage and measurement of a yawing angle (angle of rotation of the circumference of 
the Z-axis) can be carried out besides measuring the location of the direction of X of the wafer stages WST1 
and WST2, respectively. In this case, although Z and the leveling stages LSI and LS2 for performing 
actuation of the minute actuation to the Z direction of wafers Wl and W2 and a tilt angle and surrounding 
revolution actuation of the Z-axis, respectively are established in the wafer stages WST1 and WST2 of this 
example as shown in drawing 6 , Z and the leveling stages LSI and LS2 are in a part lower than Reflectors 
84X and 85X actually. Therefore, the monitor of all the amounts of actuation in the case of tilt angle control 
of wafers Wl and W2 and yawing angle control can be carried out by these interferometers 87X2 and 87X5. 

[0086] In addition, the measurement beam 92X2 of the X-axis and 92X5 are always irradiated by the 
reflectors 84X and 85X of the wafer stages WST1 and WST2 throughout the successive range of the wafer 
stages WST1 and WST2. Therefore, in any [ at the time of the exposure which used the projection optical 
system PL 1 or the activity of the alignment systems 88 A and 88B etc. ] case, about the direction of X, the 
location of the direction of X of the wafer stages WST1 and WST2 is managed based on the measurement 
beam 92X2 and the measurement value which used 92X5. 

[0087] Moreover, as shown in drawing 6 and drawing 7 , the side face of the direction of +Y of the wafer 
stages WST1 and WST2 is processed on the reflectors 84Y and 85 Y as a migration mirror, and the 
measurement beam 92Y3 parallel to a Y-axis is irradiated by Reflectors 84Y and 85Y from the 
interferometer 87Y3 through the optical axis AX1 of a projection optical system PL 1. Moreover, the 
measurement beam 92 Yl parallel to a Y-axis, the interferometer 87Y1 which has 92 Y5, respectively, and 
87Y5 are prepared through each detection core of the alignment systems 88 A and 88B. In this example, the 
measurement value of the interferometer 87Y3 with the measurement beam 92Y3 is used for location 
measurement of the direction of Y of the wafer stages WST1 and WST2 at the time of the exposure using a 
projection optical system PL 1, and an interferometer 87Y1 or the measurement value of 87Y5 is used for 
location measurement of the wafer stage WST1 at the time of the activity of alignment system 88 A or 88B, 
or the direction of Y of WST2, respectively. 

[0088] Therefore, the measurement beam of the interferometer 87Y1 of a Y-axis, 87Y3, and 87Y5 may 
separate according to each service condition from the reflectors 84Y and 85 Y of the wafer stages WST1 and 
WST2. Therefore, in this example, the interferometer 87Y2 which has the measurement beam 92Y2 parallel 
to a Y-axis between an interferometer 87X1 and 87Y3 is formed. He is trying for the measurement beam 
from at least one interferometer to always be irradiated by the reflectors 84Y and 85Y of the wafer stages 
WST1 and WST2 between an interferometer 87Y3 and 87Y5 by forming the interferometer 87Y4 with the 
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measurement beam 92 Y4 parallel to a Y-axis. For this reason, if width of face of the direction of X of the 
reflectors 84Y and 85Y as a migration mirror is set to DX1, the measurement beam 92Y1, 92Y2, ~, the 
spacing DX 2 of the direction of X of 92 Y5 will be set up more narrowly than width of face DX 1 . 
Consequently, since the case where two measurement beams adjoined in the measurement beam 92Y1 to 
92Y5 are simultaneously irradiated on reflector 84Y and 85Y surely arises (it has the measurement range 
which overlaps selectively), the measurement value is delivered to the 2nd interferometer from the 1 st 
interferometer in that condition like the after-mentioned. Also in the direction of Y, as for the wafer stages 
WST1 and WST2, positioning is carried out to high degree of accuracy with high repeatability by this. 
[0089] In addition, since the measurement beam 92Y1 for location measurement of the direction of Y, 
92 Y3, and 92Y5 consist of a biaxial laser beam which can separate to a Z direction, respectively and can 
perform location measurement independently, the corresponding interferometer 87Y1, 87 Y3, and 87 Y5 can 
also perform measurement of the surrounding tilt angle (tilt angle) of the X-axis besides the location of the 
direction of Y of the reflectors 84 Y and 85 Y for measurement, respectively. The interferometer systems 
which manage the two-dimensional coordinate location of the wafer stages WST1 and WST2 are constituted 
from this example by a total of seven interferometers of an interferometer 87X2, 87X5, and 87Y1 to 87Y5. 
In this example, while one side of the wafer stages WST1 and WST2 is performing the exposure sequence, 
another side performs wafer exchange and a wafer alignment sequence, so that it may mention later, but 
based on the measurement value of each interferometer, the stage control device 38 is performing the 
location and speed control of the wafer stages WST1 and WST2 so that there may be no mechanical 
interference of both stages in this case. 

[0090] Next, the illumination system and control system of this example are explained based on drawing 5 . 
KrF and ArF which are the exposure light source in drawing 5 , or F2 etc. ~ after the exposure light which 
consists of pulse laser light injected from the light source section 40 which consists of an excimer laser and 
dimming systems (dimming plate etc.) penetrates a shutter 42, a mirror 44 deviates, it is orthopedically 
operated by the suitable beam diameter with the beam expanders 46 and 48, and incidence of it is carried out 
to the 1st fly eye lens 50. Incidence of the exposure light injected from this 1st fly eye lens 50 is carried out 
to the 2nd fly eye lens 58 through a lens 52, the oscillating mirror 54, and a lens 56. The exposure light 
injected from this 2nd fly eye lens 58 The fixed blind 62 installed in reticle Rl (or R2) and a location 
[ **** ] is reached through a lens 60. After the cross-section configuration is specified in a predetermined 
configuration here, the movable blind 64 arranged in the location slightly defocused from the conjugation 
side with reticle is passed. The rectangle slit-like lighting field IA (refer to drawing 6 ) is illuminated as a 
light of uniform illuminance distribution through relay lenses 66 and 68 the predetermined configuration on 
reticle Rl , and here. 

[0091] Next, the control system of this example consists of the light exposure control devices 70 and stage 
control-device 38 grades under jurisdiction of this main control unit 90 centering on the main control unit 90 
which controls the whole equipment in control. For example, in exposing the pattern of reticle Rl to a wafer 
Wl, direct the light exposure control device 70 to the shutter driving gear 72, it makes the shutter actuator 
74 drive, before a synchronous scan with reticle Rl and a wafer Wl is started, and opens a shutter 42. 
[0092] Then, according to directions of a main control unit 90, a synchronous scan (scan control) with 
reticle Rl, a wafer Wl RST1, i.e., a reticle stage, and the wafer stage WST1 is started by the stage control 
device 38. This synchronous scan is performed by controlling stage drive-system 81 W and reticle stage 
drive 81 R by the stage control device 38, carrying out the monitor of the measurement value of the 
measurement beam 92Y3 of the interferometer systems for wafer stages mentioned above, 92X2 and the 
measurement beam 91Y1 of the interferometer systems for reticle stages, 91 Y2, and 91X3. 
[0093] And when uniform actuation of both the stages RST1 and WST1 is carried out by making a 
projection scale-factor ratio into a velocity ratio within a predetermined synchronization error, respectively, 
it directs to the laser control unit 76, and pulse luminescence is made to start in the light exposure control 
unit 70. By this, the lighting field I A (refer to drawing 6 ) of the rectangle of reticle Rl is illuminated by 
exposure light, the image of the pattern in the lighting field I A is reduced by the projection optical system 
PL 1 by 1/5 time, and projection exposure is carried out on the wafer Wl with which the photoresist was 
applied to the front face. Here, compared with the pattern space on reticle Rl , the width of face of the 
scanning direction of the lighting field IA is narrow, it is carrying out the synchronous scan of reticle Rl and 
the wafer Wl, and the sequential imprint of the image of the whole surface of a pattern space is carried out 
to the shot field on a wafer so that clearly also from drawing 6 . In the case of this exposure, the light 
exposure control unit 70 is directing to the mirror driving gear 78 and making the oscillating mirror 54 
drive, and reduces the illuminance unevenness by the interference fringe generated in two fly eye lenses 50 
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and 58. 

[0094] moreover , synchronizing with the scan with reticle Rl and a wafer Wl , actuation control of the 
movable blind 64 be carry out by the blind control device 39 , and such synchronous operation of a series of 
be manage by the stage control device 38 so that the exposure light which passed through the exterior 
(exterior of a protection from light band ) of the pattern space on reticle Rl may not leak near the edge 
section of each shot field on a wafer Wl during scan exposure . Furthermore, in a main control unit 90, 
when, amending the run-up starting position of the reticle stage and wafer stage which perform a 
synchronous scan at the time of scan exposure etc. for example, the correction value of a stage location is 
directed to the stage control device 38 which carries out migration control of each stage. 
[0095] Next, two or more interferometers with which the measurement range overlaps selectively the reticle 
stages RST1 and RST2 and the wafer stages WST1 and WST2 of this example as mentioned above, 
respectively are arranged, and it is constituted so that sequential delivery of the measurement value of an 
interferometer may be carried out. Below, the wafer stage WST2 of drawing 7 , the interferometer 87Y3 of 
two Y-axes, and 87Y4 are taken for an example, and it explains with reference to drawing 7 - drawing 10 
per delivery actuation of the measurement value of an interferometer, i.e., presetting actuation of the 
measurement value of an interferometer. 

[0096] First, if the wafer stage WST2 in the location of drawing 7 moves in the direction of -X, the 
measurement beam 92Y4 will not carry out incidence to reflector 85Y as a migration mirror of the wafer 
stage WST2 in the middle of this migration. On the contrary, if the wafer stage WST2 moves in the 
direction of +X, the measurement beam 92 Y3 will not carry out incidence to reflector 85 Y in the middle of 
this migration. Then, it is necessary to measure the Y coordinate of the wafer stage WST2 in the condition 
that a measurement value is delivered to high degree of accuracy, it uses any [ an interferometer 87Y4 and ] 
of 87Y3 they are, and there is repeatability between an interferometer 87 Y4 and an interferometer 87Y3. For 
this reason, the following devices are carried out in this example. 

[0097] Drawing 8 (a) is the top view showing the wafer stage WST2 of drawing 7 , in this drawing 8 (a), the 
variation rate of the direction of X of the wafer stage WST2 is measured by the interferometer 87X5 of the 
X-axis, and the variation rate of the direction of Y of the wafer stage WST2 is measured by two 
interferometers 87Y3 and 87Y4. The spacing DX 2 of an interferometer 87Y3, the measurement beam 92Y3 
of 87Y4, and the direction of X of 92Y4 is narrower than the width of face DX 1 of the direction of X of 
reflector 85 Y of the wafer stage WST2. 

[0098] Here, the interferometer 87Y4 of this example and 87Y3 are the laser interferometers of a 
heterodyne-interferometry method, respectively, and 2 frequency oscillation laser (for example, helium-Ne 
laser light source with a wavelength [ of a Zeeman effect mold ] of 633nm) which is not illustrated 
[ common as the light source of a measurement beam ] is used. From this 2 frequency oscillation laser, the 
polarization direction intersects perpendicularly mutually, and the 1st and 2nd flux of lights which have 
predetermined delta-frequency deltaf (for example, about 2MHz) are injected by the same axle as a 
heterodyne beam. First, in this heterodyne beam, the reference sign SR of frequency deltaf is generated by 
carrying out photo electric translation, and this reference sign SR is supplied [ interference light / 1 / / which 
branched about ten and was mixed with the analyzer ] to an interferometer 87Y4 and each phase comparator 
26 (refer to drawing 9 ) in 87Y3. 

[0099] Moreover, the 1st [ which was obtained by branching about 1/10 in the above-mentioned heterodyne 
beam, respectively ] and 2nd heterodyne beams are supplied to an interferometer 87Y3 and 87Y4, an 
interferometer 87 Y4 uses as the measurement beam 92 Y4 one side of the 2 flux of lights the flux of lights 
and the polarization direction of the 2nd heterodyne beam cross at right angles, and a reference beam is 
reflected in a non-illustrated reference mirror by making another side into a reference beam (un-illustrating). 
The interference light which mixed the reflected reference beam and the measurement beam 92Y4 reflected 
by reflector 85 Y with the analyzer by carrying out photo electric translation and by frequency deltaf And the 
measurement signal S2 from which a phase changes is generated, the phase comparator 26 of drawing^ is 
supplied, and in a phase comparator 26, the phase contrast phi 2 of the above-mentioned reference sign SR 
and a measurement signal S2 is detected with predetermined resolution (for example, 2pi/100 (rad)), and is 
supplied to an integrator 27. 

[0100] under the present circumstances, when reflector 85 Y moves only lambda/m (this example — like — a 
single pass method - m= 2 ~ on the other hand - a double pass method — m= 4) in the direction of Y using 
one or more integers m, it having been alike and having used the measurement beam 92 Y3 and wavelength 
of 92Y4 as lambda, that phase contrast phi 2 does 2pi (rad) change of. Moreover, it is 0<=phi2<2pi, and 
with the integrator 27 of drawing 9 , the range of phase contrast phi 2 adds 1 to the predetermined integer (it 
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is equivalent to order of interference) N2, in case phase contrast phi 2 crosses 2pi in the direction of +, and 
in case phase contrast phi 2 crosses 0 in the direction of -, it subtracts 1 from the integer N2. And an 
integrator 27 sends during measurement the measurement value P2 which multiplied {Nl+phi2/(2pi)} by 
lambda/m to the stage control unit 38 as an absolute location of the direction of Y of the wafer stage WST2. 
[0101] The integer Nl fluctuated whenever similarly the phase contrast phi 1 of the measurement signal SI 
obtained from the measurement beam 92Y3 and the above-mentioned reference sign SR and this phase 
contrast phi 1 cross 2pi or 0 also in an interferometer 87Y3, and the measurement value PI computed from 
lambda/m are sent to the stage control unit 38. That is, an interferometer 87Y3 and 87Y4 are measuring 
absolutely the location of the direction of Y of the wafer stage WST2 as a location within the width of face 
of lambda/m, respectively. 

[0102] And since the interferometer 87X5 of the X-axis of this example is equipped with two laser beams 
left in the direction of Y as shown in drawing 6 , it can measure the angle of rotation thetaW2 of the wafer 
stage WST2 from the difference of the measurement value of the X coordinate of reflector 85X by these two 
laser beams. By then, the "initial state" which made the wafer stage WST2 stand it still so that the angle of 
rotation thetaW2 may be beforehand set to 0 in the state of drawing 8 (a) While resetting an interferometer 
87Y4 and the integers N2 and Nl in 87Y3 to 0, the measurement values (initial value) P20 and PI 0 which 
multiply the phase contrast phi2 and phil measured by {l-/(2pi)} (lambda/m), and are obtained are 
incorporated to the stage control unit 38. 

[0103] and — a stage - a control unit — 38 — **** — an interferometer — 87 — Y - four — 87 — Y — three — 
a measurement value — offset — respectively - P — 20 - P — ten ~ ****** ~ ne xt - an interferometer — 87 — 
Y — four ~ 87 — Y — three — from — supplying — having — a measurement value — P — two — P — one — 
the — offset (- P20, -P10) — having added — a value — an interferometer — 87 — Y — four — 87 — Y — three - 
- being actual — a measurement value — P — two — ? — P — one — 1 — ** — carrying out . That is, this 
measurement value P2 f and PI' will express the amount of displacement to the direction of Y of the wafer 
stage WST2 from the above-mentioned initial state to accuracy. The initial value (P20, P10) of the 
measurement value is memorized. 

[0104] Now, in drawing 8 (a), the wafer stage WST2 moves in the direction of -X further, and presupposes 
that the location shown in drawing 8 (b) was arrived at. In drawing 8 (b), the measurement beam 92Y4 of an 
interferometer 87Y4 has separated from reflector 85Y as a migration mirror. In this condition, the Y 
coordinate of the wafer stage WST2 shall be measured by the interferometer 87Y3. When the wafer stage 
WST2 begins migration in the direction of +X toward the location again shown in drawing 8 (a) from this 
condition and reflector 85 Y enters in the exposure range of the measurement beam 92 Y4 of an 
interferometer 87Y4 (measuring range), the measurement value of an interferometer 87Y4 is set up as 
follows (presetting). 

[0105] First, the angle of rotation thetaW2 (it is a minute amount (rad) near about 0) of the wafer stage 
WST2 is measured by the measurement beam 92X5 (two laser beams) of the interferometer 87X5 of the X- 
axis. In this condition, the measurement value PI of the Y coordinate by the interferometer 87Y3 using the 
measurement beam 92Y3 is calculated in drawing 8 (a). However, this measurement value PI is a direct 
measurement value before performing offset amendment. And, for example in the stage control unit 38, the 
order of interference N2 (N2 is an integer) of an interferometer 87Y4 and fraction epsilon2/(2pi) estimate 
are calculated from the measurement value P 1 . This fraction epsilon 2 is a value corresponding to above phi 
2. 

[0106] That is, the operation part in the stage control device 38 computes estimate P2 1 of the measurement 
value P2 before offset amendment of an interferometer 87Y4 as follows from the difference (=P20-P10) of 
the initial value of the measurement beam 92 Y3, the spacing DX 2 of 92 Y4, the measurement value 
thetaW2 of the angle of rotation of the wafer stage WST2, the measurement value PI of an interferometer 
87Y3 and an interferometer 87Y4, and the measurement value of 87Y3. 
P2 f =Pl+DX2andthetaW2+ (P20-P10) 

[0107] For example, when the measurement precision of the measurement value thetaW2 of an angle of 
rotation is high, this estimate P2 f may be preset as it is as a value of the current measurement value P2 of an 
interferometer 87Y4. However, since the measurement error of a certain extent may be included in the 
measurement value thetaW2, as for the operation part, an interferometer 87Y4 decomposes the assignment 
value P2 1 into a part for a part for an integer, and a fraction using a location being measurable absolutely per 
width-of-face lambda/m. Therefore, the remaining value twice the N of die-length lambda/m becomes 
fraction epsilon2/(2pi) in estimate P2 1 of the measurement value of an interferometer 87Y4. That is, the 
stage control unit 38 computes an integer N2 and a fraction epsilon 2 as follows (presumption). 
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[0108] 

N2=g {P2V(lambda/m)} (1) 

epsilon2= {P2V(lambda/m)-N2} (2pi) (2) 

Here, g {X} is a function which gives the maximum integer which does not exceed X. In the stage control 
unit 38, the preset value of the integer (degree) N2 of an interferometer 87Y4 is determined as the estimate 
(N2, epsilon2) of the order of interference obtained from a measurement value PI, and a fraction from the 
phase contrast (absolute phase) phi 2 measured actually with an interferometer 87Y4 so that it may explain 
in full detail behind. 

[0109] As drawing 9 shows some stage control units 38 of this example, and some interferometers 87Y4 and 
shows them to drawing 9 , as for the interferometer 87Y4, it has the phase comparator 26 into which the 
reference sign SR outputted from the laser light source and a measurement signal S2 (photo-electric- 
translation signal of the interference light of a measurement beam and a reference beam) are inputted. A 
phase comparator 26 detects the phase contrast phi 2 of a reference sign SR and a measurement signal S2, 
and the detected phase contrast phi 2 is outputted also to the computation equipment 28 in the stage control 
unit 38 while it is outputted to an integrator 27. In addition, other interferometers are equipped with the 
phase comparator 26 and the integrator 27, respectively. 

[01 10] An integrator 27 integrates an integer N2 from change of the phase contrast phi 2 as mentioned 
above at the time of measurement, and is outputting the measurement value P2 which multiplies {N2+phi2/ 
(2pi)} by (lambda/m), and is obtained to the stage control unit 38 as information which shows the movement 
magnitude of a migration mirror (this example reflector 85Y). However, when delivering a measurement 
value like now, computation equipment 28 compares the phase contrast phi 2 inputted from the phase 
comparator 26, and the estimate epsilon 2 of the fraction inputted from the above-mentioned operation part. 
Since the integer N2 which shows the presumed order of interference may have shifted in ** 1 when the 
estimate epsilon 2 of the presumed phase contrast is close to 0 (zero) or 2pi, this comparison is a thing of 
that verification to perform for accumulating. Actuation of this comparison is explained referring to drawing 
10 . For convenience, estimate of N2 is made into Degree N in drawing 10 . 

[0111] Drawing 10 (a) In - (c), an axis of abscissa expresses the phase contrast of a reference sign and a 
measurement signal, and is illustrating the phase contrast of the range of order-of-interference k=N -1, k=N, 
and k=N +1 especially. 2pi change of phase contrast is done within one degree. Drawing 10 (a) shows the 
case where the absolute value of a difference with the estimate epsilon 2 of the actual phase contrast phi 2 
and phase contrast is smaller than pi (|phi2-epsilon2|<pi). In this case, since the actual phase contrast phi 2 is 
in Degree N as a graphic display, order of interference is N as estimate, and is taken as preset value N-N of 
a degree. Drawing 10 (b) shows the case where the value which subtracted the estimate epsilon 2 of a phase 
from the actual phase contrast phi 2 is larger than pi (phi2-epsilon2>pi). In this case, since the actual phase 
contrast phi 2 is in a degree N-l as a graphic display, preset value N' is set to N-N-l . Moreover, drawing 10 
(c) shows the case where the value which subtracted the estimate epsilon 2 of a phase from the actual phase 
contrast phi 2 is smaller than -pi (phi2-epsilon2<-pi). In this case, since the actual phase contrast phi 2 is in a 
degree N+l as a graphic display, it is referred to as N -N+l . 

[0112] With computation equipment 28, preset value N 1 for which it asked as mentioned above is outputted 
as a preset value RE over the integrator 27 of drawing 9 . In an integrator 27, a preset value RE (namely, N') 
is set up as a preset value of an integer N2, the measurement value P2 of a Y coordinate is computed as 
follows from the phase contrast phi 2 from a phase comparator 26, and integer N\ the stage control unit 38 
is supplied, and the rest performs the usual measurement actuation. 
P2=(lambda/m) andN ? + (lambda/m) (phi2/2pi) (3) 

While meaning returning to the original value substantially, it means that the measurement value of an 
interferometer 87Y3 receives in an interferometer 87Y4 at accuracy, and the measurement value P2 of an 
interferometer 87Y4 had been passed by this. 

[0113] In case the reflected light from a mirror plane sets a preset value as the 1st interferometer which 
came to be obtained again by this example as mentioned above The measured value computed from the 
measured value of other 2nd interferometer is used as estimate for determining the order of interference (Nl 
or N2) of the 1st interferometer. He is trying to determine the preset value of the order of interference (Nl or 
N2) of the 1st interferometer, as a result the preset value of the measurement value of an interferometer 
based on the presumed order of interference and the phase contrast (absolute phase) phi measured with the 
1st interferometer. In this case, since the measurement beam has once separated from the mirror plane, order 
of interference N2 or Nl is unknown, but since order of interference is calculated by count from the 
measured value of other interferometers, the preset value of that interferometer can be set up in the precision 
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of that interferometer proper. 

[0114] In addition, the time of equipment starting, and when a measurement error needs to mix in all 
measured value by a certain cause and the measurement value of all interferometers needs to be reset, a 
degree N 2= 0 is sent to computation equipment 28, and it is necessary to make it set the output (preset 
value) RE (= 0) of computation equipment 28 as an integrator 27 similarly in drawing 9 . In this case, only 
the value corresponding to phase contrast (absolute phase) phi 2 will be set as an integrator 27 
(interferometer 87Y4) despite a join office. The initial value of an interferometer 87Y3 turns into a value 
corresponding to phase contrast phi 1 similarly. 

[0115] Moreover, you may carry out as [ feed / if needed / to computation equipment 18 / the output P2 of 
an integrator 27 ]. In this case, even the amount of displacement of a wafer stage after resetting, until a reset 
value is set as an integrator 27 from computation equipment 28 in an integrator 27 can be included, and it 
can be set as an integrator 27 as a preset value. In this case, when light-receiving of the reflected light from a 
wafer stage is attained, it can take into consideration and depend to the amount of displacement of a wafer 
stage until a preset value RE2 is set as an integrator 27 from from, and precise initial value can be set up. 
[0116] Moreover, in this example, in case the wafer stage WST2 moves, any or one measurement beam 
needs to be irradiated by side-face 85Y of the wafer stage WST2 among the measurement beams from an 
interferometer 87Y3 to 87Y5. Therefore, in this example, the interferometer is arranged so that spacing 
between each measurement beam (for example, the measurement beam 92Y3 shown in drawing 8 , spacing 
of 92Y4 (DX) 2) may become shorter than the width of face DX 1 of the direction of X of the wafer stage 
WST2. 

[0117] Moreover, also in the interferometer 83X1 to 83X5 for performing location measurement of the 
reticle stages RST1 and RST2 of drawing 6 , initial value (preset value) setting out of an interferometer is 
performed similarly, and delivery of a measurement value is performed based on this. Next, in the projection 
aligner of this example, the 1st and 2nd carrier system for which a wafer is exchanged among the wafer 
stages WST1 and WST2, respectively is formed. 

[0118] As are shown in drawing 1 1 , and the 1st carrier system is later mentioned between the wafer stages 
WST1 in a left-hand side wafer loading location, it performs wafer exchange. 1st loading guide 96A to 
which this 1st carrier system extends in Y shaft orientations, The 1st and 2nd sliders 97 A and 97C which 
move along with this loading guide 96A, The 1st wafer loader constituted including load arm 98C attached 
in unload arm 98 A attached in 1st slider 97 A, and 2nd slider 97C, It consists of the 1st pin center,large rise 
99 which consists of three vertical-movement members prepared on the wafer stage WST1. 
[0119] Actuation of the wafer exchange by this 1st carrier system is explained briefly. Here, as shown in 
drawing 1 1 , the case where it is exchanged in wafer Wl 1 on the wafer stage WST1 in a left-hand side wafer 
loading location and the wafer Wl conveyed by the 1st wafer loader is explained. First, in a main control 
unit 90, vacuum adsorption of the wafer holder which is not illustrated on the wafer stage WST1 is turned 
OFF, and adsorption of wafer Wl' is canceled. Next, in a main control unit 90, specified quantity lifting of 
the pin center,large rise 99 is carried out through a non-illustrated pin center,large rise drive system. 
Thereby, wafer WV is raised to a predetermined location. In this condition, unload arm 98 A is moved just 
under wafer Wl 1 through a non-illustrated wafer loader control unit in a main control unit 90. After carrying 
out downward actuation of the pin center,large rise 99 to a predetermined location and delivering wafer Wl' 
to unload arm 98 A in a main control unit 90 in this condition, vacuum adsorption of unload arm 98 A is 
made to start. Next, in a main control unit 90, evacuation of unload arm 98 A and migration initiation of load 
arm 98C are directed to a wafer loader control unit. Thereby, unload arm 98A starts migration in the 
direction of -Y of drawing 11 , and when load arm 98C holding a wafer Wl comes above the wafer stage 
WST1, a wafer Wl is received and passed on the wafer stage WST1 by vacuum adsorption of load arm 98C 
being canceled by the wafer loader control unit, and carrying out lifting actuation of the pin center,large rise 
99 continuously. 

[0120] Moreover, the 2nd carrier system which delivers a wafer between the wafer stages WST2 As shown 
in drawing 1 2 , symmetrically with the 1st carrier system 2nd loading guide 96B, It is constituted including 
load arm 98D attached in unload arm 98B attached in the sliders 97B and 97D which move along with this 
2nd loading guide 96B, and 3rd slider 97B, and 4th slider 97D. Wafer W2* exposed next is held at load arm 
98D. 

[0121] Next, parallel processing by two wafer stages WST1 and WST2 of the projection aligner of this 
example is explained with reference to drawing 1 1 and drawing 12 . While exposing through the projection 
optical system PL 1 to the wafer W2 on the wafer stage WST2, the top view in the condition that exchange 
of a wafer is performed between the wafer stage WST1 and the 1st carrier system as mentioned above in the 
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left-hand side loading location is shown in drawing 1 1 . In this case, on the wafer stage WST1, as it 
mentions later succeedingly to wafer exchange, alignment actuation is performed. In addition, in drawing 
11 , position control of the wafer stage WST1 where position control of the wafer stage WST2 under 
exposure actuation is performed based on the measurement beam 92X5 of interferometer systems and the 
measurement value of 92 Y3, and wafer exchange and alignment actuation are performed is performed based 
on the measurement beam 92X2 of interferometer systems, and the measurement value of 92 Yl . For this 
reason, in the main control unit 90 of drawing 5 , before directing to the stage control unit 38 and carrying 
out wafer exchange and alignment actuation, initializing (presetting) of the measurement value of the 
interferometer mentioned later is carried out. 

[0122] It continues at wafer exchange and initializing of an interferometer, and search alignment is 
performed. Only in PURIARAIMENTO made during conveyance of a wafer Wl, since the position error is 
large, the search alignment performed after wafer exchange is PURIARAIMENTO again performed on the 
wafer stage WST1. The location of three search alignment marks (un-illustrating) specifically formed on the 
wafer Wl laid on the stage WST1 is measured using the sensor of the LSA system of alignment system 88 A 
of drawing 5 etc., and alignment of the direction of X of a wafer Wl, the direction of Y, and the direction of 
theta is performed based on the measurement result. Actuation of each part in the case of this search 
alignment is controlled by the main control unit 90. 

[0123] Fine alignment which searches for the array of each shot field on a wafer Wl by the EGA (en hunger 
strike global alignment) method here is performed after termination of this search alignment. Specifically by 
interferometer systems (the measurement beam 92X2, 92Y1) Carrying out sequential migration of the wafer 
stage WST1 based on the shot array data on a design (alignment mark location data) managing the location 
of the wafer stage WST1 The alignment mark location of the predetermined shot field on a wafer Wl 
(sample shot) is measured by the sensor of the FIA system of alignment system 88 A of drawin g 5 etc. Based 
on the design coordinate data of this measurement result and a shot array, all shot array data are computed 
by the statistics operation by the least square method. In addition, actuation of each part in the case of the 
fine alignment of this EGA method is controlled by the main control unit 90 of drawing 5 , and the above- 
mentioned operation is performed by the main control unit 90. 

[0124] And while wafer exchange and alignment actuation are performed, by the wafer stage WST2 side, 
the reticles Rl and R2 of two sheets are used, and double exposure is continuously performed by step - and - 
scanning method at the wafer stage WST1 side, changing exposure conditions. Fine alignment by the EGA 
method is specifically beforehand performed like the wafer Wl side mentioned above. After moving the 
shot field on a wafer W2 to the optical-axis lower part of a projection optical system PL 1 one by one based 
on the shot array data on the wafer W2 obtained as a result, Scan exposure is performed by making a 
scanning direction carry out the synchronous scan of the reticle stage RST1 (or RST2) and the wafer stage 
WST2 of drawing 6 at every exposure of each shot field. The exposure to all the shot fields on such a wafer 
W2 continues also after reticle exchange, and is performed. Scan exposure is performed after carrying out 
specified quantity migration of the reticle stages RST1 and RST2 in the direction of +Y after performing 
sequential-scanning exposure to each shot field of a wafer W2 as exposure sequence of concrete double 
exposure using reticle R2, and setting reticle Rl as a run-up starting position. Since reticle R2 differs in 
exposure conditions or transmission (lighting conditions, such as zona-orbicularis lighting and deformation 
lighting, light exposure, etc.) from reticle Rl at this time, it is necessary to change a monograph affair based 
on exposure data etc. beforehand. Actuation of each part in the double exposure of this wafer W2 is also 
controlled by the main control unit 90. 

[0125] When the direction of the wafer stage ended previously will be in a waiting state and both actuation 
ends the exposure sequence, and the wafer exchange and the alignment sequence which are performed in 
parallel on two wafer stages WST [ WST1 and ] 2 shown in drawing 1 1 mentioned above, migration control 
of the wafer stages WST1 and WST2 is carried out to the location shown in drawing 12 . And as for the 
wafer Wl on the wafer stage WST1 where wafer exchange was made by the right-hand side loading 
position, and the alignment sequence ended the wafer W2 on the wafer stage WST2 which the exposure 
sequence ended, an exposure sequence is performed under a projection optical system PL 1. By the right- 
hand side loading position shown in drawing 12 , the above-mentioned wafer exchange actuation and an 
alignment sequence will be performed like a left-hand side loading position. 

[0126] By this example, improvement in a throughput is in drawing as mentioned above by performing an 
exposure sequence, and wafer exchange and an alignment sequence in parallel to the wafers Wl and W2 on 
each wafer stage, moving independently two wafer stages WST1 and WST2 in the two-dimensional 
direction. However, when carrying out concurrent processing of two actuation using two wafer stages, the 
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actuation performed on one wafer stage may affect the actuation to which it is carried out on the wafer stage 
of another side as a disturbance factor. Moreover, the actuation which does not affect the actuation 
performed on the wafer stage of another side also has the actuation carried out to reverse on one wafer stage. 
So, in this example, it divides into the actuation which causes disturbance among the actuation which carries 
out parallel processing, and the actuation not becoming, and timing adjustment of each actuation is achieved 
so that actuation leading to disturbance or actuation leading to disturbance may be performed 
simultaneously. 

[0127] For example, during scan exposure, since the synchronous scan of a wafer Wl and the reticles Rl 
and R2 is carried out at uniform velocity, when not becoming a disturbance factor, it is necessary to 
eliminate the disturbance factor of the from else as much as possible. For this reason, during the scan 
exposure on one wafer stage WST1 , timing adjustment is made so that it may be in a quiescent state in the 
alignment sequence performed with the wafer W2 on the wafer stage WST2 of another side. Namely, since 
measurement in an alignment sequence is performed in the condition of having made the wafer stage WST2 
standing it still, for scan exposure, it does not cause disturbance but can perform [ be / it / under / scan 
exposure / concurrency ] mark measurement. On the other hand, since it is uniform motion during scan 
exposure also in an alignment sequence, it does not become disturbance but high-degree-of-accuracy 
measurement can be performed. 

[0128] Moreover, it is possible to be the same at the time of wafer exchange. Since especially the oscillation 
produced in case a wafer is delivered to a pin center,large rise from a load arm can cause disturbance, 
according to the time of acceleration and deceleration before and after [ before scan exposure ] coming to 
perform a synchronous scan at uniform velocity (it becomes a disturbance factor), it may be made to deliver 
a wafer. In addition, these timing adjustments are performed by the main control unit 90. 
[0129] Furthermore, in this example, since double exposure is performed using the reticle of two or more 
sheets, the improvement effectiveness of high resolution and DOF (depth of focus) is acquired. However, in 
order that this double exposure method may repeat an exposure process twice [ at least ], in using a single 
wafer stage, the exposure time becomes long and a throughput falls substantially. However, while a 
throughput can improve substantially by using the projection aligner equipped with two sets of the wafer 
stages of this example, the improvement effectiveness of high resolution and the depth of focus DOF is 
acquired. 

[0130] In addition, also when the applicability of this invention is not limited to this and exposed by the 
single exposing method, this invention can be applied suitably. By using two sets of wafer stages, an almost 
double high throughput can be obtained compared with the case where the single exposing method is 
enforced using one wafer stage. In addition, you may make it prepare further the stage for measurement for 
measuring the condition or image formation property of exposure light like the gestalt of the 1 st operation in 
the gestalt of this 2nd operation. Moreover, although the wafer stage is driven with the combination of a 1- 
dimensional motor, you may make it drive two-dimensional by the flat-surface motor like the gestalt of the 
1 st operation in this example. 

[0131] The projection aligner of the gestalt of this operation can perform optical adjustment of the 
projection optical system PL (PL1) which consists of two or more lenses, and can manufacture it by carrying 
out comprehensive adjustments (electric adjustment, check of operation, etc.) further while it assembles the 
reticle stage RST (RST1, RST2) which consists of many machine parts, and the wafer stage WST (WST1, 
WST2). In addition, as for manufacture of a projection aligner, it is desirable to carry out in the clean room 
where temperature, an air cleanliness class, etc. were managed. 

[0132] Moreover, although this invention was applied to the projection aligner of step - and - scanning 
method, this invention is not restricted to this, but even if it is a charged-particle line aligner which makes 
the aligner which uses EUV light, such as a projection aligner of a step-and-repeat method, an aligner of a 
pro squeak tee method, or an X-ray, as an exposure beam, and an electron ray (energy line) the light source 
(energy line), it is applicable [ this invention ] with the gestalt of the above-mentioned operation, similarly. 
Moreover, you may use for the test equipment which uses the stage for positioning not only an aligner but a 
wafer etc., or repair equipment. 

[0133] In addition, of course, configurations various in the range which this invention is not limited to the 
gestalt of above-mentioned operation, and does not deviate from the summary of this invention can be taken. 

[0134] 

[Effect of the Invention] According to the 1st stage equipment of this invention, by preparing a movable 
stage, respectively for every function according to individual, and two or more predetermined functional 
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groups of every, each movable stage can be made to be able to miniaturize and it can drive to high degree of 
accuracy at high speed. Moreover, two or more movable stages can be moved in the respectively larger 
range than the measurement range of the 1st system of measurement, and further, when each movable stage 
goes into measurement within the limits of the 1 st system of measurement, the location of the movable stage 
can be measured to high degree of accuracy with high repeatability according to the 1 st system of 
measurement. 

[0135] Next, according to the 2nd stage equipment of this invention, it is the respectively large measurement 
range, and the location of two or more of the movable stages can be measured to high degree of accuracy 
with high repeatability. Moreover, since the location of the movable stage is measurable to high degree of 
accuracy with the 1st system of measurement only by doubling the measurement result of the 1st system of 
measurement with the measurement result of the 2nd system of measurement, improvement in a throughput 
can be aimed at. 

[0136] Next, according to the 1st aligner of this invention, since it has stage equipment of this invention, for 
example, when measuring the location of the movable stage with an interferometer, a migration mirror can 
be made smaller than the successive range of the movable stage, and weight of the movable stage can be 
made small. Therefore, it can become easy to move the movable stage to a high speed, it can expose using a 
double exposure method etc. by the high throughput, and improvement in resolution and the depth of focus 
can be aimed at. s 

[0137] Next, according to the 2nd aligner of this invention, since magnitude of the 1st movable stage is 
made to necessary minimum by giving only the minimum function required for exposure to the 1 st movable 
stage used for original exposure, miniaturization of a stage and lightweight-ization are performed, 
improvement in a throughput is aimed at and the thing of it can be carried out. On the other hand, there is no 
direct need in exposure, and since the property metering device for measuring the property at the time of 
imprinting the pattern of the mask is carried in 2nd another movable stage, it can also measure the property 
at the time of imprinting the pattern of the mask. Moreover, since it has stage equipment of this invention, 
the location of two or more of the movable stages is measurable to high degree of accuracy. 
[0138] Next, according to the 3rd aligner of this invention, performing exposure actuation on one movable 
stage of two or more of the movable stages, for example, carrying-in taking out and alignment actuation of a 
substrate can be performed, and improvement in a throughput can be aimed at on another movable stage. 
Next, according to the 4th aligner of this invention, by giving only the minimum function required for 
exposure to the 1st movable stage used for original exposure, miniaturization of the 1st movable stage and 
lightweight-ization can be performed, and improvement in a throughput can be aimed at. On the other hand, 
there is no direct need in exposure, and since the property metering device for measuring the image 
formation property of the projection optical system is carried in 2nd another movable stage, it can also 
measure an image formation property. 

[0139] Next, according to the 1st positioning approach of this invention, the location of two or more of the 
movable stages can be promptly measured and positioned to high degree of accuracy. Similarly, according 
to the 2nd positioning approach of this invention, the location of two or more of the movable stages can be 
promptly measured and positioned to high degree of accuracy. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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©BB^M<f5ci:A^*So ^oTs ^OrTBX 
r-^S5I(c^ij$-<i?.ci:^S^(c*t)s x;l/-^ 
-y h<DlR)±^@5Ct^T't5 0 

[0 0 2 7] i^Cs *56W»c«fc5B2 0B3teSBtt, * 
^tDXx-^B*«H^./cB)tSBT'feoTs fOX 
r-^BO^OHaOBJiftXr-v' - (RST, 5) © 
B 1 ©nJWXr-^ (RST) ±tYX^ (R) £«B 
Ls B2©Rji)Xx-v ? (5) ±(C^©TX^©/^- 
yittmir % ^©f$tt£i+i»J?- § fca6©#ttlfflJ^» 

(6) £i£BU fOYX^ (R) 

(W) ±(cfs3Tf ?>t©T'S?>o 

[0 0 2 8] »r^«*f6W©B2©B3t»BK:«fcntf, 
**©BJteKffiffl"f 5*©B 1 ©oI»)X-r-^ (R S 

t) iciffimc&m%m>m<Dfflfe<Dfr%ftrc-&%£ t 

(c J;oTs *©B l ©WBXx— ^©*trStt&BB'h 
PKcT't^fctos ^f-^O/J^t BBftSffv^^ 
-^M^lSiiWCtttSo -?3s B3tKBB<& 
B*<ft<, *©-7X^ (R) ©/<*-:/£*£?■** SB© 
Wtt*tt9J-r5fe*i>©1$tttf«JBB (6) (is BiJ©^2 
©oJWXr-i/* (5) (cific^nsfc^s ^©vx^© 



(6) 
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[0 0 2 9] #fc, *BWfcJ:S£3 0»tSWi, * 
^-^^©^©^©^Xt-v*' (WST 1, WS 

T2) ±t*n ; ens« (wi, W2) &«iu *© 

5, ^©^©g«±{c$SKm5g©vx*/^-y;£: 10 

[0 0 3 0] »f^5*l8W©S3 0«Jtt«BK«tntf, 
^©^OoJUlXf— J? (WS T 1 . WS T 2) ©F*3© 

-^©njiixr-v' (wst i) -eiiT'eiMi^TV&tf 

6* 8U®BJ»*f— J? (WST 2) -e«»«©jiA«l±l 

[0 0 3 1] *5glflKJ:584tO»teSBtt. * 20 

«U§©X^-5>«Bi:, (PL) fc*figa.fc 

7,7— "J (WST, 1 4) ©f5 1 ©RjiftXr-^ (WS 

t) ±(css (w) £««u mzoaimxT-is (1 

ttSHBJSB (2 0) &«BU *<r>m i atmxT-V 

[0 0 3 2] Wft««*»noK4 0flr^BlcJ:ntf. 
**08DtKffiffl"rS*©^ 1 ©PlilXf— S> (W S 30 

(c<toT, ^©H 1 ©nJfjXr-v 1 (WST) ©/hSJ 
fb, e»{fc£tT^x;b-7-y FoifiLtfcias 

^tt^n-iW-r^fcfeo^ftitiJSB (20) gu© 
»2©Rr»XT-^ (i 4) tci&gisnsfcik ggfttt 

[0 0 3 3]»C *ft^tcj:sm 1 OteB»4673?i 40 

T, ^©Jf&OoJSjXr-^ (WST, 14) ©fl©- 
0©nJfjXT— v> (WST) *^©!g 1 $J££©f+$lJSlt! 

©m^oaflsffiB^^offifi-rnB, x&zvmmm 

M«*lc»3^T*©SS 1 WJ^OW9J«[0*ljE%fT 9 
««tt(4fiR«)T#6. 50 
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[0 0 3 4] #58Wc«fcS»2©{Mfti«>#8; 
tt, *5IW©Xx-^gB«:fflt/^c{4B^fe^ffiT-feo 
T, *©«|S(©rJ1I!|Xt-^ (WSTl, WST2) © 

com 1 ©tfiMttHrtfc: ASBBfc, ^©!g 1 RXfm 2 

ommmcm^x^com \ jMjs&otNWis***© 
BRi&^fcitiaf, ^©^©njijxr-^s^n^ 

n^^tS^tt^-T5^T*i«i|»JgKfeBftJ6T*t 
[0 0 3 5] 

[f8W©£«©«i»] WT> *8ifl©3J l 0^SS©JB8 
tot0i~H4*#!SLTWWrSo *WiXr«y7 

UfctWPfeSo 8l!i- #0fl©ftKaMfi«B**U 

2, Rtfayx^tfUyXSfcftLTUf-^R©^* 
-yffi (TBS) (?)XiJ'yhttOllSW»t5o M 
fflt \ LtLXte, K r F (Sfi2 4 8 nm) . gb< 
«A r F mm 1 9 3 nm) *©x*5/Vl/— »T3k Y 
A G yoffiMiSE, Xtt*»7>^© i * (&&3 6 
5nm) ffflt'tio BgW«lrt©nr«Bin«[0% 

(o«) <DWfflmo)ft<r>mwofflttW£Wsi'?z%* 

fctt, *©f8tt* i' 5 ^ ^l?«SB£f*©SKt£8»Sffl 

[00 3 6] b*-*>l/R0*©WtotI LCiSfiaWIB 
$9 (03#H§) ^©/^-^©^is ^f^PL 

H) "t?tt/j^nT, 7* ^^v ? x^^fl^$nfc^x/^ 

(wafer) W±©X U y h^©S7tM^ 1 2 fctgUSn 
^ 0 JMT, fi»31fi¥^PLoyfil*AXf«:WK:Z«i*lR 

«i7XMW©^a^isi{cit^-rsi^*73ip] (BP'S^ hi 

(BP'S, 0 1 ©iSfiWcWf *73lol) fc^oTYW^^o 

[00 3 7] *f\ l/f-^;l/Rt4, Uf-^^Xx-v^R 
ST±tC*^i»#fcioT«l#2n> l/fi'/Wf-^ 
R S T tt, TOcBBBSftfc 2 *©^ F 4 A&tf 4 B 
±{CX7-^7U y^^LTY7?[S]tC^i)gfi^«B 
StttVSo M{C*0IJT'(4, ^F4ASff4B±C, 
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TVS 0 

[0 0 3 8] B3li, bf^;Wf-^R S TRtfttffl 
Y/jIr] G£S?jIr]) fcfttffc*H' H 4 AM4BlCieo 

J; fc, < i: tl+ffiijffl7.r-^ 5 O^/cttS 10 
<^5££ftT^3<> Slfc, Uf-^I/Xr-^R S Ttt, 

->*R s T±tc(i > l^?;l/R£x?3faK$ty<fc9&teB 
W&T" 1 tt<DMm'?-'>m 1 7 C 1 , 1 7 C 2 

ifv-^^ 1 7 c i , 1 7 c 2 icznzn^-kTz 
(omz-if+^mommv-tMc 1 , MC2«sn 

Tt^o S^V-^MCl, MC 2 tU^^)lR(Omf& 

©&i o©iBiigp{ciBti$nT^?>o 

[0 0 3 9] ^-LT, It»JfflXr-> ? 5±(CX^tC|ffl 
{cS^7t^ P L OHg#^tt8tS'iffl^«^co}gST-^ 

/ir icmmftytv* u >y mommm® 9 , <ts e 

ttmmbTts<'mtf%<, nmxm<Du?-?)i< 30 
Rtzoimftui-tut (D&mms & £ & 3 fc #>> 

^«17D1, 17D2Alt?n, l¥T-^ftl7 

d 1 , 1 7 d 2 iczn? nr.^7i(om^£ -t^mvm^ 

•7-^MDl, MD2*WnTl/>li„ fiSpV-^M 
Dl, MD2 £M5tf5*l}fV-^ I Ut(DiiLmm%^ 40 

feiE«fcitfflij$nT, ±$i»i o«iBiigi5tciBti$n 

[0 0 4 0] c©J;?f;:#0ijT*{4, S*«6fflcoitSiJffl 

r s T±(ca, i\<R<Dma\mmcDfflmmwLZ 

nrt^&K EP%, l/f^^Xf-v'R S T&4, 
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[0 0 4 1] tit. AVK4A, 4 BtcttLT + Y/jft 
fcKHS ttfc U— »f =F 7 Y S> U:^ /^f-y R 
S T©+ Y#fi0flJflS0#»»2 4 YtCU-ife-A^ 
JBItetU + X£flfcRBSft;fc2tt©U-tf : F*tt7 
XI, 7X2*»e»U^d'^Xx-^RST©+X^FlRl© 

fflUoBcD^iiiS2 4xtcb— tftr-A*w^n> u— <f 

T$ff"7Y. 7X1, 7X2lCJ;oTPf-^;l'Xr-'>" 
RSTOXSI, YlSflU, St/Bite^^H-ffliJ^n, ftffl'l 

1 1 0 fcwiesfu ±»P& 1 0 a* 

a, 4 Bicfti,x-Yj3faimwiEnrcu-*f=?mt8 

Y*^ftj»JfflXr-v ! 5(0-Y73^]^fflJBD©^ij^2 5 

TltSiJ$n§»tffiiJfflXr-^5(DYffi^±$i|ffll^ 1 0 
fcflll&SftT^*. YiOU- tfT#It7 YW8Y© 

^tt«, zn^nYfifaicY^-oXMvmi&dtD^iK bp 

L0ft*AX*jlifll/CJ3 9, *f=F 
#tt7Y&tf8Ytt, ^n^n^b^^^r-^R 

[0 0 4 2]*^ Uf-*;l/Xf— 5>R S TOM&tZ 

X, 2 4 Y£#&LT&<fc<^ StilJffl^f— ^5 062 

5X. 2 5Yt*ftLTtiV\ MtC, *fi?ljT*t40 HC 
^f.tdfc, Pf-^;UR©±y3(c, U^^;l/R±tffM 
$nfc7-7-i'^>'h' : <'-^ (Uf-£;l/v~J0 i:, WIS 

««RA&tfRB*WlB«nT^5o 

Vhgg^RA, RBO&ftff'L^® 511^4 Xtt^ 

^) KWjs-rsu^^T^-ryyuwuRA. rb 

^fflVT, 03 fC^-T U^^^Xx-v'R ST±©S*P 
7-^MCl, MC 2, RtfU-jSIJfflXf— S?5±OS» 

[0 0 4 3] *LT, tSW$ttOtHlli«iC« l/f-^^X 
r-v^R S T*+Y*lR|lCfS»««-C, »WR6*l«Btf 
9 *ffl 5 «fc 5 KtHWfliX?— 5> 5 * Y 

Wrrzt* u— 9* =F*tt 7 x i , 7X2fr&©i/-ife 

-AA'l/f^;^f-^R S TOllJSfrfcyl-ftTfHffJffl 
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EftSo COtt, U?t>V77'(*yh®WMRA, 
RBfcJ:0«ip«6±fl!>#*v-*MD 1, MD2?)& 

U B 1 0±SiJ©^ 1 Oti, 1 , MD 2 

£fitBi*46-fSo fit, XttcDb-lfT 
JWt 7 X 1 . 7X2 (Dg+iijlB^ft^ ft U -b <y h t S 8 

ftfc, ^fteowwiti&ffiiittfm^fflfc^u-b'v ht 

Tt>J:l,\, 10 
[004 4] COtfcl, U-ifT $ft7 XI, 7 X 2 \C 

StefcWtSttJiTKMKfcttiWSft, ItSiJfflXr-i/* 
5£)Y Sfi|©ffiHtt U— <f T»W 8 Y K <fc o TUtlSfflfll 
Kfcffl-fflSftTVSo ftoT, Cft&OtWJfflfcS^ 
TifflfPSl Oli, 'J-7^-^^^LTtfi»JfflXr 
-5? 5 OffiH^KMfttcMtPt S c So ft*, 

±ie©ot9tS*v-^MD 1 , MD2cDfiK-fft*^ 
«/hE* Sttfc 0 fc, *ft6©ffiB-f ftBKS^T, 
U-lfTiMH- 7X1. 7X2 ©ftfflMf ^ft^ftttJS-f 20 

[0 0 4 5] -73, ftiWai, Uf-*;1/Xf— S>R S 
T©#j£*afl©ffiBttttWSft4vW, S^«fc46fc 
Uf-*;1/Xr-S>R S T*W3fS$9TKiSW±\ S 
tfU— if =FjWf 7 X 1 , 7 X 2*»6©U— <f £-.Z»#U 
3-?)lXf—i/RS7<D®mmZ 4 Xfc!Itt$ftScfc? 
tcftSo *LT, ffflfflXr-^ 5 b 

7.r-^*RST±tOS^v-^MC 1, MC20fitHT 

ftBfctttnu ±»j»*iott, Jtfteoffiii-fft*^ 30 

S T£fi[Bfti6 LrcVm?\ U— t^RM^X 1. 7X 

2mwmzmiz.<Dmic7v-t<y h-rs 0 coat*, s 

^tt^feS«S-eU^^;l/Xr-^R S TcOX^ftOffi 
H, RXf®tifi<Dimffljt>tl* Y73lR]©fii®«U— If 
T$It7YEctoT^B$tt»£ftT^Sfc&, 

£tfT*tS 0 «£oT, U— tf=HMH-7 XI. 7 X 2 ^6 
Ob-ift:-A*^ftSi:i:(D^II5^ti»>o 
[0 0 4 6] 0 HCS*3> '^XMWa^H^O'JlA* 40 
;l/^£:frUT7XM7.T-> 7 WS T±E«fip$ft, 7x 
A^f-^WSTttSEfil 3±(CX7-^7'J y^ft^ 
LTX73(6], Y7?l«0K»ilifttcttll«ftTV5 o 7x 
/NXx-i/WS Ttcti, 7x/sWCDZ73lnJ£>{ftB (7* 

uv^««tffl*i&*ftTv^ Sfc, ««i 3±K7 

XAXf-i/'W S T titmWT^7-^7 U V^fcrtL 
ft/-c8tfflffl7;r-^ 1 4tf«B2ftTV*o Hi&JfflXr 
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«*TOiAfftT^So 
[0 0 4 7] 0 214, 9X/\Xr-^WST, R&WM 

fflxf->*i 4^-r i pfflia-efe'), cicoiaztcfei/^ 

T, £ffil 3<D*jBOrtBPt«0II*aS?rS©E5 , JT?3i' 
;lWHa6iA£ft, ^x^Xx-^WSTtOJgffi, Rtf 
tNMfflXf— S> l 4 0)gffl{cli ; eft ; fft3-^i:«(cJi 

fc«koT*ft€ft¥ffi*-*#it$£ft, co¥ist- 

1 4 0X??IrK Y73[S]©(4B, fttflKifttfSV^teafi 
fc*iJ»£ftT^S„ ft*5> WE—^KO^-Hi, flfl*. 
tfWBST 8-5 1 7 5 6 #£*fc::|3^T <fc Df¥fflEIMI* 
SftTl^So 

[0 0 4 8] *M©">l/^f-^WSTtt, »KK:& 

-S>WSTtt, 7*-£X • V^)y?W£%X-%tVk 
fC, >>XAXf-yWS T±fc{±, 7x/nW&iJK«®& 
-fS^x/vM/jr (7xmW©j£S!J) t, 7x/nXt 

- s?w s t <Dimmm «pv-^ m a trn&z nrc 
mm-r-tfai 7 At^sBsftTv^So 

17A1CB, U^^;l/75^^yhffl©S^V-^ 
(?f«) fcm/££ftT^S„ 

[0 0 4 9] $fc, lll^U^C, ^XAW©77 
tgtf&ftTfct), Vx./\7?<<*V 1 6©^W 

i^flu^ 1 orto75-r^>naa^tfla&«ft 

T^So eriA^^yHry^ieH:, 7x/nW± 
©*S/3-yMS«Kf*»Sftfc77>r^yh"r-^ (7 
x/nv-^) (DfuBstS'JfflO-t^T'feSo 

^, ■)XA77^^yf-ty9- 1 6«, *«W©S2«!l 

[0 0 5 0] StMffl^r-^ 1 4<Dgffi(i, 7x 

^^ftTVSo ^LT, 02tc*5V^T, ltS>JfflXf— 
i/'l 4tCtt, S»)t^3SPL%ai)iLfc«)t)t©^»0 
m{u^P5SfcO©x^;l/^- (A*fx^;l/^-) «tHH 

■rsfei&ojtw-byy-jioasBawB^x* 1 8, is^ 

P L t £5* U >y httO»3ttW« 1 2 

^flj^n-aijt s tbtoXM* y*y <t o ft s s^iety e> -t y 

+M 9, IS^MJ^ffl©7.y <y h 2 1 X, 2 1 Ytf» 
«SftfeJW^S2 0s RtfttB»Pka*»P^-*M 
B*^jS«ftfcS*v— 7B^@^?ftT</>§o 
SJpv-^MBtBS)tty?>-ty9-l 9^fc©(ftBii<ltt 
•^feiSfSjetftSiJ^ftT, 0 l OiSi)®^ l 0©lE1iSB 
fc82**ftTV^S. 8¥v-^MBO{4Bt7x/N77 

-r ^ y v -t yy- i 6 tc j; o tw»j« fts» 

[0 0 5 1] WW&L2 0(DXm<D7>Vv h 2 1 X, Rtf 
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Yttcox'j -y h 2 1 YtDiSffiWcti^n^n^uy 

<07.Vy hZ 1 X, 2 1 YCDftt>9k:, ffiff^PCDX^ 

mm i cd±$i» i ott^^nTi^o 

[00 5 2] $ fc, 2 0 ©Jgg|$cDft«-fe y-9"(D^ 10 

mmmtm 1 1 1 tm?nt^5o 

M£2 0±<DX'J >y h 2 1 X, 2 1 YT'^n^'nX^ 
[0 0 5 3] 0 2(c*5<^T, stfl'JfflXT-^ 1 4fcfl*. 

snr^sfla****-* 1 8, atusp&e-feviM 9, r 
^Tyfmommm, Tkxsmm > pmm<Dim>r--?i\< 
•>xaxt->"w s TicM^nn^ t , -ty-y-Ktt 

itiWfflT.r-^1 4t^te>nT^5fcto, ^xaxt 

-$>WST*/.hSHfc, eSftTtSi:^ H-SWO-tr 40 
yy<U®M*mffl>P<D&9t?t<Dm**>l<¥-fc&%GLWt 

[0 0 5 4] i/c, £ftl 3fc»LT+Y#fateliWS 

nfcu-ifT^w 1 5 Y^e^x/NXx-^ws i<d+ 
Yj;fa<Dmm<D®mm2 2 Ytcu-if e-A*«git£ 

1. 1 5X2^5^lA7f- S>WS T<D-X^|pJCOiJ 50 
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ffi<D®mm2 2 xtcb-+fti-A*w$n, u— «r=F 

JMH5Y, 15X1, 1 5X 2(Cj;oT'>XMX'f- 
5>WST©X*W, Yffi*fL RtfSKft^ttiW«n, 1+ 

mmtfim 1 ©±fffijsp& i otflw&sn, \ o« 

-s/ 1 4 ©ffliMic t x m<D®mm 2 3 x , at; y 
«iii2 3 YjWRowtenT^*. ^x^x-r- 
^wsToe^-rsniffl^affiinxLT, cn^oMB 

*»ll»2 2X. 2 2 Y£#&LT&<fc<> RHXiCtHi 
(flXf-^ 1 4 <D«ffi<D&ffi£i|£ij& 2 3 X, 2 3 Y t 

[0 0 5 5] •?• LTx gftft©AWx*/l/#-*fcDgtffl'l 
B#tc fi , %n 6 ©fiBftiflJffl© *f e - A « fHWffl X 
f-^14©Mi2 3X, 2 3 YimmtlZo 04 
ti, H^tOAWx^^^-^^ttaiJ^^^x/NXx- 
v'WST, RtfitiifflXr-v* 1 4 cogHHW-P^ 
U COi^JOiA^f- ^WST£8t»U 2fr 

KtHWflJXx-5> l 4£#Irf Sfc, U— IfTiMH 5 
XI, 15X2, 1 5 Y*»6©U— *flf-A^, 
Xr-i>'W S T CD^K^ 2 2 X , 2 2 Y t>MxTnW\ 

fflxf-^i \<nmM2 3x, 2 3 YJcfiai*«ns«fc 

9{C*So COtttC, H-MfflXx-^l 4±OS?Pv 
-^MB 0 1 O^X/NT^-r^y 1 6©*! 
i? 1 6 aflfcASiaKtHJOTX-f-vM 4*»»L 
T, ^0 2«|€>X«IOI/— »f=F*»H 5X1, 15X2 
OtHBtitf R-Ofcfc =5:^ * 5 K> ItSiJfflXr- 1 4 

^&©ffiB-rna%tta-rso *i/r, ±»^i o 

ti, cco{iH-fn*OXfi)c^\ SlfY^ftifnu 
— <fT»«- 15X1, 15X2, fttf U-lFFiWH- 1 5 
YfDl+iBiHilfc^u-b-y h-T^o c<o»»i, l/-ff»tt 
15X1. 15X2, 1 5 YfC<k»mSltt&*tr5ttll 

T^iWJttcitMfflxx-y 1 4CDtmmrmzn, z<o 
fHWfflxf— 1 4 ©fiH^^jetcswrs c 

[0 0 5 6] -73> WWPfctt, 0 2(C^-T*^t> H- 
ifflfflXx-v 5 1 4 *«riB«*T» ^X/NXr-v'WS T 
Ofli2 2X, 2 2 Yfcl/— tfT»»H 5X1. 15 
X2, 1 5 YfrSOU— tfe-i»tfHB*f£tt3«fc3»cL 

^if 1 6 a rtt^ilLT, U-lfT^fl- 15X1. 15 

x 2 ©fHWttfc-as -^fc^s-e, pv- ^ m a ©fit 

15X1, 15X2, 15 YOU-a'JttcO^'J -fe >y h^rfT 
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T*tt, ±«&l Ote^x/\Xr-v ! WS T\ Stfltffl'J 
fflXf->*l 4©{i§£¥M*-2£ffl^T:*-:/>7l/ 

[0 0 5 7] HI KiRO, *HjS****V. 
PLOMffiCtt, '>x/NWcD^fficD7*-*X{iB«:lt 

+)•) tfBBStu COtttMSftfcH^^T, 
©»>x/NWOaii*HS»Jt¥5S P L OflfcilK^fcStt 10 

^x/NXr-^JWH-ffliJfflXx— >* 1 4£ffll>T 

jsw)t*3Rp l twrs*3Bt i KDXMftmzm\? 

>?RST±£Kftffl©U^;l/R#*a-F£ft, Uf-^ 

4lC7xt£olC, ^XAXf-'^WSTlifll 3±T 
mtf+Y£fafcft5ttU fltfflfflXr-^1 4tft315ft 
39&PLfcJ;S»l£fB8l 2EfifroT£»rrSo ^© 20 

±BOJ:5CU— tf=HWH 5X1, 1 5X2. 1 
5 Y <Dm\\m7 V t7h £fxo S+fflfflXx-^ 

1 4±oss*« ; ex^ i &<D%%mbmyt i m.\ zzm 

*tx* l 8£ftLTgftftI LOftftbWMSttSo 
[0 0 5 8] ifflflp^ 1 0T(i, ^®ft$iJ£ftfcftS% 

TffittTSo £«c, ^xmXx-^WS 'HC&'J'X 

tt, 0 4 «fc 9 tc> U-lf TSffl" 1 5 Y , 1 5 X 
1, 1 5X2fr60U— <ftf-A«!!^£n&V>fc«\ 

40 

[0 0 5 9] *UT, ItiJfflX^-^ 1 4 £»tfH« 1 
2*^fifjB«^T, 'i'XAXf-v'WST^iMl 
2 fc^SffiBK»»«-&r, ±ie«=fc 9 K U— !f=F» 
H-15Y, 15X1. 1 5X2©ttiWf&©:/'J-fc-y F* 
fxofc^ ^XAXf->'WS T±<DS£pT-^gW 1 

fttti A x l 2 o^iCO WififcfitB-r S «k 0 fc 

^xMXr-^wsT«o@iiWft>n5o uf- 
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%>&r>\Z, m 1 <DU?-£;l/Xf— >>R S TSMf 
££<fcol\ Uf-^l/ROT^^VFtffrfrttSo C 
nt«lf|o|^t, ^<DS*Pv-^«l 7 A±©Bij£>g*P 
v-^MAOfeB^fftflg 1 ©^XMZ^^OF-fcy 

[0 0 6 0] &fc, <j7X/\7^*y F-try-9- 1 6*fl" 
L,T , >xmW±4)Bt^0S'3 v FfiBS (t>^;W>3 7 
F) fc#a8«nfe">XM-r— ^offilI*ttat5Ci:tc 

BtcS^T, «>xMWOJI3t«*<os/3 >y MSWfcU 

Sl^ffifctiS. '7XAW±©*5'3 y Hft'soi 

(03#SD Ettl/t, U^;l/Xf-^RST%AL 
Tl^^/URtf+Y^fa (X«-Y73loJ) fcjftSEVRt? 

Xr-^WS T^LT^X/nW^-XTjIb] cxfi+x 
7?[S]) {CiIS/3 • VR (/3ttfi»te¥) ?«2tl§o 

[0 0 6 1] RJWfctt, m*.imw%iPiT& 

wsfim%i ucm^tn, i&mftvmmki wit. 
"^>Ti5»3tt*3R p l icxmzmytft i l (Dftm^n 

[0062] w±^\ mnvnye-e&ztix *mc>®& 

H-fflfflXr-^ 1 4 1 2 ffijfc&il LTI+ 

[0 0 6 3] *fc, U^^^Xx-^iJ^ltPJfflX-r- 
i^5, Rtf^x^Xf--v >, iJOtf-ai|fflX'r-> 7 l 4^:ffl 

RSTtt+YtflcgtC&iBLT, mmXT-is5±<D£ 
r- 5? 5 tttlf ^S^TIrI© U-if 7X1, 7X2 
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7?-<*yYmSmRk, RB*ffl^T±E<DJ:5fz:ft 

u— «fT»w-7 xi. 7X2, 8 Y<Dtm\imcm~3 

[0 0 6 4] c<oi:*fc, Kfc|JiWtfcJ;3tc, ?x/\ 

PL*^LTJ9»*n5o CC0«ffiT\ H4fcfe^T % 

h"P*©Jg«v-ir I M©»*X#6k Y#fi|Kj£2 

U ifW5£«2 O©ja^©^fcvtf0lftHJ®^*ISflM$ 10 

B, &tfxtyF7Xh##&e>ft5o £fc, «£«2 0 
»7*-#X{iZB£0r£«-fo^;t&^ *ti6<D« 

ISS<fc»>, ttM9ttift*£l Hi, J£gJft^&PL£D& 
f£fi€>^Xh-7*-#X{£B> fsffirSffi, f-fZh-> 

cos»»i±iSij»^i oK^ussn, ^<D^ii 
SaWSWHfcffl*. ^MWRi O&JSKft 

^PL ©!g|S#14^ffiIE-r £ 0 20 

[0 0 6 5] W±0«fc5fc, *«!ioja»ii)t«H-et4, 
^x/Nr^-f^h-feytf l 6tcj;oTa*-7-^M 
A, MBOttB^tfttULT, CQffiHIHRfcX-^vrU 
—if ^»lt 1 5 X 1 , 15X2, 1 5 Y©7y-b>y 
'fibtzib, U— *?=F&%bl 5X 1, 15X2, 15YIC 
<fc 9 -)XAXf-^W S T, XtttffiJfliXT-S? 1 4 O 
»V>S3HttT»]lffl|*ttHII t TWW"*- § C £ T* 
bf-^;l/7^^yhS«tHRA. RB 
tcJ;DS^v-^MC 1 , MC2X14MD1, MD2<D 
fSig^^W LT, \y~^=fm\ 7X1, 7X2C'Jt7 30 

ItiifflXr-^ 5 ©fflBJ&Bfv^tt-pWmijElclHIIIL 

[0066] ^tc, ^m^mzommonmico^m 

5~®1 2%#MLTWW"r5o *fi»Jfi, -«ftft£U: 

*fflO)8IBft%£Btt, ^-X8i 8 6 *jgj£»Kfc LT 
WxaWI, W2^^n j fn«#LT$6i£LT2^7C 40 

-^W S T 1 , W S T 2 £«x.fcXr-S>lgB, CcDX 

ft¥%? L l co±^T*vx^i:bT©bf-^;l/R ix« 
R2 (B6#I) *ffiJ£(DTE&fi\tiHcmWl?%\s=?->7)\s 

mmmrn, uf-^Ri, R2*±^6Bawr«!aifl 

^ RtfCtl&^**!|»"r5*iJj»3R^%fl|itTlr^S. 

filBtt^jRP L 1 ©ftttlAX 1 fcWfcZ«i*IR 
0, Z*fCfilfiftJpiBrtTBI5 01ttffi(t¥fffCXtt%, 
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[0 0 6 7] S-f, Xf-i?gi(i, ^-X3§8 6±fC 

YSlRlfcSfti LT^®]g£& 2 o©7x/nXt-^W S 
Tl, WST2£, cn^OfXAXf-v'WSTl, 
WST2£ig»-f5'7^NXr-^igil^8 1W£, 7 

XA^f->'WS T 1 , WS T z<D{m*ttm?z>=F& 

[0 0 6 8] Ctl*-$t>t,ClFti&?2>t, ijx/^f-v 7 
W S T 1 . W S T 2 CDJgffi{Cfi^0^<DX7/W F (09 

^lAXf->*WSTl, WS T 2(i^-Xi8 6±(C 

[0 0 6 9] 0 7^4, ^iaXt-^WSTI, WST 
2©*»»»S:^U CCH7t^>T, ^-X8§8 6 
±£M\ X#|^C®tf3 2*CDX»yx775V K9 5 
A, 9 5B*«RTfc:Ktt6ttT^*. Xfjl'JxT^F 
9 5 A. 9 5B}ctftc.T-?-n ; etX l Jx7 ; &-^fflcDlffl 

K9 5 ASt>"9 5 BfcfBoTgfftSlEfc^n^nz^© 
S8&95W9 3A. 9 3 CRZf2-D<D®W]$Htt9 3 B, 9 
3D«0Wt^ntt^„ cn&4 0tf)£i|gp#9 3 
A~9 3 D<Dfisffi8Bfcfi* XWUx7^-f F9 5 AX« 
9 5 B*±^RO : ill^6H€yJ:dfj:^0^oS8ii3^ 

tXHV-THM F9 5 AX«9 5 BttCioT, 
fjg|$#9 3 A~9 3 D%X#fafcKirr5A--l£yy=» 

^;i/^oux7 ; e-^3b^n j fn«Bg^nTv^o 
t% wTowwTtt, mm±, ctit><D®mm9 3 a 

~9 3D£ rxWUx7^-^J fcufcSfcOfcTS,, 
[0 0 7 0] L©rt20©XiUx7 ; E-^9 3A, 9 
3BI4, Y#fafc^tf'3Yf|i|l>x7#-i' F9 4 
fC»»J5n» 5St> 2O0Xi'Jx7€-^9 3 C, 93 
D£» Y^|B](c@t>'§YMUx7^VF9 4 BCDPoSfc 
HSStlT^So Yi'JX7^ F9 4 A, 9 4B(C{* 
* tl^n Y tJIr] » -3 T U X 7 ^ ffl <D lffl©|g»J 3 

•Y;W@^$nn^ 0 fct Y#gxr*VF9 4 

Att, XfiU x7t-^ 9 3 A, 9 3Bt«toTXWU 
X7^K9 5A, 9 5 BfCfa^TX73ffi](c|g»)?n, 
YtE6Ux7^'< F9 4 Btt, X|'jx7t-^9 3C, 
9 3D(CctoTXttUx7^F9 5A, 9 5BK»o 

[00 7 1] -15, >>XAXf->>"WST 1 cDJggfltc 
-73 O Y M U X7^ F 9 4 A %±7?Rtf «J73 ^ 6 

YW 1 ; X7AV F 9 4 A £tc iot^x/Uf 
— yw S T 1 ^YTafttcigffijf &J*—\£yWir*y b 
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T— >*WS T 2 0JSaWc»tt6tlfc^H*0 1 fflfl>*& 

CO 0 7 2] BP*S, ±J£LfcX$|l|<Jx7#/ 
F95A. 95B, XWU— 7*— ^ 9 3 A~9 3 D, 
YttU X7#V K9 4 A, 9 4 BRO'^XAXf-^W 
S T 1 , W S T 2 0j£»©*B^©*&«E*?fc J; o 
t, 'JlAXf-^WSTl, WST2*ffifiLTXY 
¥ffi±T 2 IKtxMWS £ X r- tiT ^ § 0 10 

un^CD^X/NXr-^WS T 1 , WST2fi, 0 5 CD 

cfcoT$ijffli$nso xf- vmrnm.?, 8<£>ijfm±$ij 
[0073] ftfc, ywj^7^v F9 4 A<ommm 

tft>ntc-ft(DXmV-7'£-2 9 3 A. 9 3B<D«^ 
(D^yyZZmT&itmZC tX\ ^x/nXt-^'W 

st \\cm^3--(y^w±^rc<o. 

C, 9 3 DcDffitKD/^yxzgT^itz&zctx, 20 
^iaxt-^ws t 2 cwa-^y^i^t 

WS T 1 , WS T 2±fC& > ^|l^<D7XM4x,/l/#"£;fr 
LT^-n^n^x/NW 1 , W2A^B5«^{CckO@^ 

snrv^o ^x/vjvi^i, ^0^0 z • 

[0 0 7 4] Scfc, 'Jl/^f-^WST 1 CD-X^[S] 
Y^OWi, «t±tf#ft£ n/iS*fffi 8 
4X, 84 Y (06#Bg) t^XtoK), mmz, fx 30 
^Xf— i/'WS T 2CD+X73lp]&t>*+Y?3(ol<D{|iJffi{i, 
»±±if^ft?nfcSit®8 5X, 8 5 Y £ftoT^ 

soffit, fiMfST^it^xxA^^-rs^u— »f 
T^it^e. u— if e-Aj; t)45itjiJtr-A 9 2 x 2 , 

9 2 X 5, 9 2 Y 1-9 2 Y#£l*£ft, ^cD5*tft£ 
SffifctfiMU CtlU:<fcD> ^xaXt-^WSTI, 40 

w s t 2 co 2 ^u§*^n^mtM?n§ <t fcft 0 

TV^o ftfc\ T^tt^XrAcDli^COI/^T^, ft(t 

mm*, 

[0 0 7 5] 0 5(C*5^T, m$ft&%? L 1 £ LX 

a, zfifa<Dnm<Dft,m*%?zm$i®.<Duyxz.i'* 
yhfrtbiiM, ¥im7-i>-izyhV'ytxffi%.(Dm>hfe 
%s mm i / 5Z&?z>®ffiX¥m*mm-£nx^ 
%o is^^p l i £Lx&mmm^s.m 

Z&mLX$>J:\,\ CtO^Tt^PL l<DX73lS]CDS 
Beit, H 5 fCTjcf SWCIlOCi&^lfofc* 50 
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7 • 7^>X (off-axis) JjjK.OlT^J *y r-& 8 8 
A, 8 8B&V £^j££PL lC0)tiAX 1 {]y^9 

^/^-ycojs^cDtp^ii-sicrs) ^zn^nn 

^>h&88A, 8 8 Bti, X'J7 MKcDb— «flf— 
A^ffll/^LSA (Laser StepAl ignment) 
S^COF I A ( Field linage Alignment) tffljUf 
2*WNTP^>fye-AO@l»f3tt*ttW"rSL I A 
(Laser InterferometricAl ignment ) 2&c0 3ffi$Sc07 

vjtybnyvzGLxisK). mm-?—>w.±<Dmm 

(XtffiRtfY^fo) c7){4HlriJ^T'5il < !;^-c?t5c 

;ine.3ascD77-r/>h-by^^, Jilt 

cD<fig£#itB t T 7XMCDMB&{iiBfriBiJ£fr 9 ^fr® & 
V-^Tv-ltyY^. 7x^±<0&ya-y r-l^cDIE 
5t ft {4Bt»£ff ? 7 r 4 V 7 * V h ^%ff o T ^ 

[0 0 7 6] uOl^, — *©75-f^yh3R8 8 A 
fct, ^x/\Xf->*WS T 1 ±(c^jf$n/c:7x/NW 1 
±cD75^^y FT-^cDfuB8t«iJ^cffli/^n?>o £ 
fc, ffl^£D7^-r^yh^8 8 B&, ^/XAXf-^W 

sT2ie«j$«nft , )xAW2±(077'r^ybv- 

8 8 A, 8 8B£«f S^^^yh-feV-y-a^cO 

74 *v h«ij«H 8 o Ttt«ie«nfcttffi« ^ a/ 

m^*mn®MLx-?-<7&.m*tfi&?Zo cowan® 
mtf£.MW&m 9 o icm ?»n, 90^6.^ 

ottiiffliiEffl[«^ai*«n*«fc9tcaoTv^o 

[0 0 7 7] £tc, mTTsg&Lfctf. S»3tt¥RPL 

K M77^^yM88A, 8 8 Bco^n^ntc 

li, 7X/NW1 (XliW2) cDS)tE<D^7Nh7^-7J 
X(6BA^cDf f 7*-*X»^t±l-rSfc:46cD^-h7 
*-*X/Ji— h U^U (WT> TA F/ 

AL^J i:l/>-5) TbW&nTl/^So ^«F^> 

L 1 CO A F/A L&t L/Tti, V^t>«>5»AIW^ 
OMAF^ffltnt^S, *LT % 77^^Vh 
^8 8 A, 8 8BfCt|5HtftAF/ALm*W£3nT 

tfflv^n* a f/a L^tmm-oimmmc^L 

X, 774*yhi'~'ryX8ftiCm^t>ft2>A f/a l 

«»: o t t»^m t sfliia ^ ft ^> t ^ 

§o COtctb. 7?4*yh%8 8A, 8 8B?:ifflL 

mmmx&mmz774*y^-7wmmm7? 
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[0 0 7 8] Isl-t/mmi&ffifc'D^T, 05R 

L/f-^;l/^-X«{7 9±£b^;UR 1 £<S8LTX Y 
¥ffi(D2%7iJ5falC®W)»im%U1-?)\'ZT-i/R S T 

60^^Xf->*RSTl, RST2^IKi)f 3^5 
0^tD'J-7^e-^i:, cne.tDPf-^^Xr-^R s 
T l , R S T 2 0{AB£Sa-f 5 l^^TS* f+v-Xr 10 

[0 0 7 9] iinMcpjSf?,i:> 06^£nSJ: 
■5 {£> Cin?>cOUf-^;I/Xr-^R S T l , RST2& 

^W^^LTU^^^-XS7 9±fcj¥±£8£ 

n, isrtjizf—vmmt&ms i r (15#d t<t 

;PXr—>lgi!j$S«8 l Rti, ^x/NfflcDXr-^SH 
£|^1fCDyx7^-*£IgftM£LT^S7bV 0 5 7ii 20 
UeiWcofMlLLfr 6¥ft§7D7 ^ ^LT^LT^&tco 
T?&3 0 iKO/ctf), l/f^;l/Xf->*RSTl, RST 
2 ±C0 R 1 , R 2 /WJ*. tf-SS^O|^(C)i^ 

wt^sn, {5rn<Dpf-^;i/R 1, R2ico^-c& , > 

So 

[0 0 8 0] cn^Uf ^Xf-^R S T 1 , RS 
T2±C(i, +X73fi£>!iJffi(C, W/l/Xf-^RS 
Tl. RST2£HCf?|# (09;tfcf-tZ7^y*Xtl) 
£fi£3&fjgt8 2A, 8 2B*^n^tlY^K:®SS 30 
ntfcD, cn60^®)^8 2A, 8 2 BCD+X^fB]C0 

l^d) 8 3X 1-8 3X5*^1/— tftT-Ait) 
$Jtf-A9 1X1-91 X 5*«h*tU T?$ft8 3 X 

i~8 3 x 5Tit%<DmmgytbTffife<Dgmmc 

■>°RST1, RST2©X^©fflB*tf»JLTVSo 
C C T\ 8 3X3 *>P.C0ItiiJlf-A 9 1 X 3 (i> 

nmic it ztiznniLic &mm r* * s y TjipjEgtnft 

2#©ffflt£-iv&WLT*5»K Ctl&<Z>2 0©tt»Jffi 40 
ctDbfi'Mf^RSTl, R S T 2<£>X7?|p]<D{iL 

[0 0 8 1] ItjSije-A9 1X1-91X5 

CDY7a[B]CDfajPBt3\ &W)M8 2 A, 8 2 BCD Y#|pKD*@ 

A, 8 2 B£«^B#fflnfrcolt)iJt£-.k9 1X1-91 

CDftije-A (P*Jf 9 1X1, 9 1X2) #|Sl-CDi£ 
i)8t (0Rti*8 2B) Elfpl^l^ttScfcdE&tK 50 



^2 0 0 0- 16 4 5 0 4 
24 

C C0«^^WJ£-r 3T$It 8 3X 1, 8 3X2 gBfrft 
EI+iiJfBB£fi«LT^5£&&^c£* s 'et3o eft 
{c<fcoT, f^jZEtD J: ^ tcTr^lt 8 3 X 1-8 3X4 CDI+ 
m^mXTWVr 83X2-83X5 COltfflffi^i^^Jt 
lC^m?C£tfT*22> 0 ^mS3X 1-83X50 

h<D%\mmzm^x7,7—^mn^M2, 8 it, «^xm 

Xr-^WSTl, WST2ico|^J8§sg£*IIE-f3/c 

amc uf-tfrxf—ismmmms 1 r^ut^^ 

yl/Xf-^R S T 1 . R S T 2 <0[H)$Effci|fS^X73faCD{£ 

BfrJffl£f7&? 0 
[0 0 8 2] -73, 06(C*3V>T, ^HDUf^Xf 
—>*R S T 1 C0^g7?(oltc«o/c- Y73l^]CO«Wc^> 
—M(D&W)M£ LTC03— 78 9 A. 89B 

A, 8 9 BtcttLT, WE^*©!^-- W-h&<0 
&SfT»Jtf-A (06T«, l*cDltiSiJti-Al?^*t 
T<^§) 9 1 Y 1 , 9 1 Y 2t)WM2ft. *<TPmm> 
-tt<D=F&mc =fc o TfiJrJgcoS^ffiKtt L T U^^ 
r-^'R S T 1 <DYl5fa(Dmft£mmmZft%o £ 
fc, ^2C0L/f-^;l/Xx-v ! R S T 2 C0+ Y7?|S]<DlO 
ICfc, J— *a-78 9 C, 8 9Dtf^B£ 

-WcO^7;l/^X73^C0T)$lt8 3 Y 3 , 8 3 Y 4 
*->P)iine)C03— t-^a-^"8 9 C, 8 9DtC*tLT 

tHi>jtr-A9 i y 3, 9 i y 4 (H(S(cti^n ; en2* 

CDU— tftf-A<fcD&£) AW«n, TMt8 3Y 
3, 8 3 Y 4 (cioTftlf nWf ^^Xr->"R S T 

2 co y fifav^mwmz ftTt^o 

[0 0 8 3] cn6C0^;WU73i^c0T)$fhC0ItSiHI 
t, 0 5COXx-^*fflffll^B3 8fC«je$n, ^CQltS'J 
fifcS^V^Tl/f-^^Xr-^R S T 1 , RST2C0Y 

9 1X1-9 lX5%#-rS=F*tt8 3X 1-8 3X5 
t, H-HJtr-A9 1 Y 1 , 9 1 Y 2RtfftM£-A9 1 
Y 3 , 9 1 Y 4 2 WO^W^X^SOT^W- 

t i o T L/f7/Wf- S?fflO=F»tt^^r A«MPh8 
SnTt^S. ^1+8 3X 1 -8 3 X 5^0 5^ 

tiT^It 8 3 tU ®W)m 8 2 A , 8 2 B Ra*I+)fl'J 

e- a 9ixi~9ix5 *^n-?n0 5 r-imwim 8 
2Rtfi+jnije-A9 i xt-g^nn^o 

[0 0 8 4] >7XAXf->*WSTl, WST2 

cottB^Sa-T 5fM'>Xf AEOV^TS 5-0 7^: 
^fiBUTJKWrSo 0 5~07tc^-rcJ;^fCs 
£PL l®fi««0*& (ttttAXl) TvJty 

h*8 8A. 8 8 Bo^n^nottm^fc^ii^xtt 

K¥fT§ttKt&oT, (ri/^f-fWST 1 CO-X73 
l^coiJfficDSi^ffi 8 4X{C(i, =F»tt8 7X2*^6 3 IS 
COb— «f lf-i»«fe04SW-»J^-A9 2 X 2*^M^n 
T^So RttfC ^XAXf-^'WS T 2CO+X73[p]CO 
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flWDKUffi 8 5 XlCti, T$ft 8 7 X 5 & 3 ttl£>U 
— »f tf-AJ: DfcSati'Jlf-A 9 2X5 AWJnt^ 
3 0 ^$1+8 7X2, 8 7 X 5T»tt*n6»ORW)t*S 
ftfSCttCfctK #S^ffiOS¥fiB^P>OX77(6]^ 

[0 0 8 5] CCDtf^ 06£7Kfcfc-5fC, fffiJlf-A 

9 2 x 2 9 2 x 5 ^n^nswc&fi^&ft 

ffliJSrff? C £#T?t3 3ttcDlx— »f tf-AT&3fc46> 
WlSI-ST^ItS 7X2, 8 7X5te, ^nftl^XA 
Xr-^W S T 1 , W S T 2 £DX#fi©{iZH£gtiBiJ-f 5 10 

tm Rt>'3-^y^ (ziaiaiDcoii]^) m\m* 

st i&tfwsT2{ai, 06(c^-r=fc9(c^n€n^ 
x/nw i w 2<dz i5\u\-\<Dm>bmm. mmnom 

Ift, RlfZ«|0@90lHHg(Hft%ff5fc«)©Z • L"*'J 
^*Xr->"LS lStfLS2AWP.nt^5^ Z 
• l^U >^t->'L S 1 Rt?L S 2 ttHlg(Cti:£g* 
ffi8 4 X, 8 5 Xcfc0fefgV^lCfe§o lot, *x 

awi, w2of-;i/hft»jjai, soph— (yynwem 20 
isoJBiiafi^'r, cn&co^its 7 x 2, 87x5 

[0 0 8 6] £*5, Xtt<0?NMtf-A9 2X2. 9 2X 
5fi, "JZAXf-^WSTl, W S T 2 <D®W\Wm<D 
MfglOlAXf->*WS T 1 , WS T 2©S*tffi 
8 4 X, 8 5XKHH*IS*lS«}:9K:)8:oTV5o tto 
T, XtffilfcO^Ttt, &K%¥XPL l£ffl</\fc»fc 
H$, Xti77^^>h^8 8 A, 8 8BOfiffl»fOH 
n©«^fcfc, ^XAXf-^WSTl, WST2£>x 

^(Diummrm^-.L 92x2, 92x5 s^/cit 30 

[0 0 8 7] £fc. 06Ra*0 7tC^-r=k9(C^ 
Xf-^'W S T 1 , W S T 2 0+ Y#|6]©flMtf 
fcLT0EtJffi8 4 Yfttf8 5 YfcjtalSnTfcO, 12 
Bft^fcP L 1 <Dm&A X 1 £)It> Yttfc^fT&iHMlf 
-A9 2Y3# z Fr$It8 7Y3fr?>£»tffi8 4Y. 8 5 
Yt8M**nTV^o 774*>bf&S 8 A, 8 

8 Bo*n^nottffl*iC^5i*) YWc^pfrattajif- 

A9 2YI, 9 2 Y nfnfrT5f»ll'8 7 Y 
1 , 8 7 Y 5 fcKtt&ftT^5„ #f«<DJg^ 40 
^PLl ^ffl^fcSMOXAXf-^'W S T 1 , W 
S T 2 <D Y 7? Ip] cDfttSat W (C ti . ttffllf-A 9 2 Y 35: 

^oTi$tt8 7Y3(DitsiHa^ffl^e)n, z^^yh 

^8 8 A, X«8 8 B(D«©')IAXf->*WS T 

k xt±ws t 2©Y#fr<^fig8tiffl{cti > ^-n^jvF 

j$tt8 7 Y 1 X« 8 7 Y 5 OtHMfljWB^&nS. 
[008 8]^ #«ffl*ftEJ:t>, Y fj|£D^F^f+ 
87 Yl, 8 7Y3, 8 7 Y 5©tHBl]tf— Atf^X/NT. 
f-^WSTl, WS T 2<D5W®8 4 Y, 8 5 Y <fe 0 
^nS«^*»feS. ^COfctf), *0>JT*«\ T^It8 7X 50 
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1 RXS8 7 Y 3«CYMtc¥fT&itffl'Jtr-A9 2 Y 2 
£fifO=F8Mt8 7 Y 2*RW\ T?$W8 7 Y 3&tf 8 7 
Y 5©rafcYtt£W&tK!ltr-A9 2 Y 4 SfifOT* 
ft8 7 Y 4£t2ttSC:i:fC«fct), ^lAXf-^WST 
1, WST2©£W®8 4 Y, 8 5 YEWS, 

Tt^o COifci&fc, &W)M.b LT<D%MM% 4 YRtf 
8 5 YOX73[p]£Diti^DX 1 tf^fc, fH!Jl£-A9 2 
Yl. 92Y2, 9 2 Y 5©X^OlHIBDX 2% 
«DX liDfcBKSELTVSo COISS, f+iR'J tT— 
A92Y1-92Y5 (p<DP8Jg-f 5 2 OOfHIJ If - A 
|B]BttCS*fffi8 4 Y, 8 5 Y±KHB»Sft<&i§£*%M* 

Xf— >*WST1, WS T ZfiYTJlRKcfeVT^ iB^ 

[0 0 8 9] £33, Y73lS]©fitHH-ilffl'OltiJe , -A9 
2Y1, 92Y3. 92Y5&, ^ft^ttZtfflfcWl 

TSfcSfcffiWH-i&lfcfT 9 c fctf t**<s 2 ioi/- >f tf- 

A<fc t) &-SfcA6, ttJS-T STBffl- 8 7 Y 1 , 8 7 Y 3 . 
87Y5B, ^n^ftItiffl*tiiCDS*tffi8 4 Y, 8 5 Y 

©Y#fa©ffiH©ffifc> Xitt©09£><«£4£i 
ft) otHWfcf? 9Ctm5o *0rett, T»f+8 7 
X2, 87X5, 87Y1-87Y5 ©£f+ 7 -0<D^& 
Bt^^oT. CXAXf-^WSTl, WST2©2# 

1, WST2tDF«5©-^S^>-^>'X^TbTV^ 

sia, ist^xAa s^xAT^^^yh^- 

SIJPSS3 8t)\ ^XAXf-^WSTl, WST2© 
[0 0 9 0] ^(D^WmStfSiJffll^fcO^T, 
§K r F, ArF, XI* Fz l|iDX*->7i/-f«t 

x+XA 1 y^4 6, 4 8fc«k»)jiaft»f-ASE«*« 

2, 1157-5 4, U>X5 6^/rLT^2 75^7 

>f > F 6 2 fc» U Cl "?i^e#fc*©Hiffif#lfcWK 
XLfcfiH(cgBK^n/coJK)X7-ryF6 4 5:jijiL 
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COO 9 l] SB^^ISW 
fcWirr 5±WW=gl 9 0 £4>&fc, C CD±3i«Sfi 9 

o (D'gmTic&mytmmmmw i o stf xt-^jw 

/^-y^XMW 1 K»)tr**&Kti, WfcfiiMfP 
^B7 Ott, U**;l/R 1 WiaWI 

0T'>+>y*Kft»7.4i&«BiS-frTi/-vy*4 2** 

[0 0 9 2] ^SJ»gll3 8fCj:D, ± 

MIS19 0©£jj*;{i:j£-i;Tl/?-*;l/R l Wxaw 
K BP^l^/l/Xr-^R S T 1 f)lA^f->'W 
ST 1 tcDISim^S O^EMtP) *lte^tl5o COIl) 

<DtHBIlf-A9 2 Y 3, 9 2 X 2RZfl<?-5 fr^T-i/ 

fh>Xr A©IfiJtr-A 9 1 Y 1 , 9 1 Y 2 , 
9 1X3 OfMIHtJgrtx* LOO, X-r-^JSSSH 3 20 

vmwiwm 8 1 r %inrr zcticx*) fit>n%<, 

[0 0 9 3] *UT, S^f-^RST 1. WST Iff 

zmmmmztim&v, mytmmmmmi or- 

oii»A (S6» «^n, ^«Pifi$t 
i Aft<D^$-y<DmtiWByt¥%p l net o 1/5 

->x/nW l±{cg^S7t$n§o 06fr6feB£ 
Bfl^i AcD^S^(6]©1i(i»< > bf-^/l/R l i^x 

mt^x./^±<D->B'y hffimicmMswznzo com 

ttOIBfc, Bftft»j»g|l7 0(*. 3 7-Wftfili7 8 
tft^LTfi»3 7-5 4*Kft£-£3Ci:T?, 2~D<D 

[0 0 9 4] iSa^tK^IAW 1 ±<D&z/a 40 

UTRii6^7-r > k 6 4 fff^-r y vummm. 3 9 k * 
f-«ii3 8t<koea$nTi/>So sk, ±sy 

W*.fcf, j£SE»fclSfz:PI»lj£2*tt3 
Uf- * r- *J t ? x/ nXx- i? £ OSbjtHJ&ffiBt? 

WBEH3 SfcWLT^r-^ffiHOfliiEffi^Jg^-rSo 50 
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[0 0 9 5] 3J?te, ±HE<D<fcd{c##iJcDU^/UXr- 
->*RST 1 , R S T 2 , RO^iaXt-^W S T 1 . 

w s t 2 Ktt^n^n»»wtw-jBijttiffl^*a ur^s 
stt«sn*j:5K*««nTi/>So WT-ea, 070 

-)XAXf->'WST2, Rtf 2 0CDYffl£> ; F?$It8 7 

y 3rd* 8 7 y 4 fctwewo-c, =?mtv9\fflB<o&v 

[0 0 9 6] $1\ 0 7<D<4BfC&6?X/N7 > f— v*W 

s t 2^-x^iRjt»ft-rsi:, co^woji'f ■Pttffl 

tf-A9 2Y4#, >)XAXf— >*W S T 2 (D&W)ffi£ 
LTcDK*fE8 5 Y{cAttb&<&So ifi*^. ">xmX 
f-i*WS T 2tf+ X73(n) \tfmt% C<D®m<»'& 

*x*mm e- a 9 2 y 3 *v s»tffi 8 5 y tc A*t t * < 

&5o *£T\ =F a>H-8 7 Y 4 fc=F8KH-8 7 Y 3 fcOlH 

4 , 8 7 Y 3 OflnfrSfflV^ffilttOt5«S'e , >x 
AXf-i*WS T 2©Ytf»DtfSjfcfT3&®tf&5o 

[0 0 9 7] 08 (a) ti, 0 7CD'i'X/NXT-v : WS 
T 2£Srf¥lfi0T-fc»^ C©0 8 (a) (CfeV>T, 
lAXf- i/'WS T 2©X^lo]CD^4ti> XfflcDTMt 
8 7X5fCcfcoT, ">iAXf-i?WST20Y 
2-OCDTM\8 7 Y 3, 87Y4l;<to 
TlW^SnTV^o T*l+8 7 Y 3 , 8 7 Y 4 ©I+ffle 
-A9 2Y3, 9 2 Y4CDX^|p]COHPBDX2{i, *x 
AXf-'>*WST20£ltffi8 5 YCDXTjlPjOtiD X 1 

[009 8] LLf, *09O I Fa»W-8 7Y4, 87Y3 
{i^n^tvxx a y^-Wh^O U— If =HWH"ff* 

sssu-if (Wittf-if-vyasiaoKfie 3 3 nmo 

He-Nel/-f)tI) ^ffflSnt^So C«2^IK 
SStHA f (mtf2MHzgfi) Rt>* 

n 2 o)t jR^rattK^r D^>e-AtLTMtb$n 

TfcO, 9c-fc<D^7-o^y\£-h^m^ii/i 0 

c i: T-jg^ a f <D%m\m s r <i omm 

S R *«=F»lt 87Y4, 87Y3 rtO^n^ tlOffl 
«Jt«S2 6 (09#S8) (C^ntl^. 

[0099] tfc ±ib©'N7 l a^vytf-A^n^ 

n^V>e-A^-f!$It8 7Y3, 87Y4K«^£n 
Tfe'i?, -f»W-8 7 Y4ttS2 0'Nf-P^>'tr-i*0 
<M)t/3l&I^ift^-r5 2^*<D-73«:ltffliJtr-A9 2 Y 4 
£ LT, ffl73%#Hglf-A ("f 0^) tLT, PWV- 

m&v-ht, s*trs8 5 YT?£W2nfctwjtf-A9 
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t Vmtii&. A f T\ *Offiffl*^fc-r5SiJ£fi^ S 2 lEfilKgf C 4: t ?©a+»M©SJgfH* ( P 2 0 , 

£rt*ftTH9©ffi«Jt*HB2 6Kfl«&«n, ffiffiJt® P 1 0) ttBttSJlT^So 

8§2 6t*5V>T, ±E©#!B£*S Rfc S 2 t [0104] 08 (a) Kfc^T, ■/-x/nXt- 

©fit*SM</>2tfm£©#JS?^ (0lRtf2 /r/1 0 0 (r i^WS T 2^-X^|pJtjg{C^fjtT, 08 (b) fc* 

a d) ) ?ttffiSftT«S82 7fc#*&Stt.S. -rfuWcilLfcff So 08 (b) T*», T^H"8 7 Y 

[0 10 0] C<DWAC Itlt:-A9 2 Y 3, 9 2 Y 4 4 ©WW If- A 9 2 Y 4 ff&Wlf&t. LT©5Wffi8 5 Y 

©KS^A^LT, l«±<Oiftm*fflV^, K*fffl8 frSflftTV*. COWBTtt, ^XAXf->*WST 

5 Y^Y73l^J(CA/m (#0>J©,fc ? iCS/y^l/XXj&S 2<DYS«fi, T?$8t8 7 Y 3 (c<£oT stiffly 
Tiim = 2, -73, ^;l/AX73ST*fim=4) tzim 10 fcOfcfS. £©#clifr 5fftf08 (a) fcaVTffillt 

ftLfcfctt, ^©{SflM0 2^2 /r (rad) ^tf fafroT">XMXr-5>W S T 2 #«+X*fRlK»il*Ji& 
5 0 *fc, *afflS0 2©«H«O^0 2<2»T?*t), S*fffi8 5Y*^th8 7Y40U-»je-A9 2Y 

09©«H3§2 7T»{±, ffifflH0 2tf 2 /rfc+SlRjK* 4 ©RgftffBB (»J£fBB) rtfcAofcRHC, T#tt8 7 

^SKfcm^OSS (T»O^SS[t*Ba-rS) N 2 {c 1 Y 4 ©tt$MS±rF"©<k LTKS C/U-fe-y b) 1" 

WILT, ffifflg«2^0%-73l^K«WISIR£*O 3° 

fiftN 2jE>^ 1 £MKf §o fltv H-gW*{i«»gS2 [0 10 5] £1\ XftCD^H-8 7X5<Dttffl'je-A 

7« {Nl+0 2/ (2j) } fcA/mfcSUfctHiflJffi 9 2X5 (2#©U— iCtot^XMXr- 

P2**XM*r-S>WST2©Y#fa©*6ttffiB£l' v*W S T 2 ©HJlsft 9 W 2 (IStfO (Cjfi^'h* (ra 

TXx-^&iJSP=gB3 8fc££ 0 d) fcttffl-frSo 08 (a) fcfc 

[0 10 1] ¥i$ff87 Y3tCfeV>Tt, Itil'J 20 t^T, Itffl'je-A 9 2 Y 3 fcffll^STSfct 8 7 Y 3 fC «fc 

e-A9 2 y zfrbntbtimmms 1 fc±f2©#ss s Ygaottajfip 1 fcjsu c ©tramp 

fl^fS R<h©{ifflM<*> l s c©ffirfBM(p l #'2 ^ Xtt l *7-fey hffiIE£tT9fii©iS$©iffiffiT*3D5o 

snsttamp i s^f-; vtimmmz 8 fciM^o ep snap 1 «t o=f*w-8 7 y 4 <dt»<d^»n 2 (n 2 « 

"5, T}$H-8 7Y3, 8 7 Y 4 ti^n^f n^X/NXr- g&) «S»e 2/ (2«) t<DVm.\m#*bZ>o C 

i^W S T 2 Y7a[6]©fi[B£, A /m©H PW*tfi*H& ©«S» £ 2 tt, ±12© <*> 2 EttJSfSlfrcfcSo 
Bi: UTftMLT^So [0 10 6] BPS, Xf—iffflmm3 8ft<Dimi& 

[0 1 0 2] *LT\ *0g©Xtt©T#tt8 7X 514, ti % ff-ffllf-i, 9 2 Y 3 , 9 2 Y 4 ©ffl^D X 2 , >>X 

06(C^tJ;d{CY77^{Ciin/c2^©U-+f'li'-A ; & AXf->*WST 2©0fKft©ItS l Ha0W2, T*i+8 
fllATV^Sfeft, cn&2 0©U--1flf-.M£:«fcSE*J 30 7 Y 3©Itj»H«P 1> RtfTMU 7 Y 4, 87Y3© 

S8 5 X0Xg«©ffiWft©S#«fc D, ->x/nXt-^ fHMft©»J#ltt©M# (= P 2 0 - P l 0) <fc 0, 

WST2©@eaeW2*tta9T#.5, *CT\ ^&0 It8 7 Y 4©*7^>y hSiEffilOttWfil P 2©«SfflP 

8 (a) (Dm&zzcomm.ft ew2#o tftzzoty 2' %^©«k3tciLtn-rs 0 

lAXf-i/'WS T2£tt±£tffc rSJJW^IBJ T\ =F P2' = P 1 + D X 2 • 0 W 2 + (P 2 0 - P 1 0) 
j$ft 8 7 Y 4 , 87Y3 {CfcttSg&N 2 , N 1 £ 0 (C [0107] fllfctf lallgft ©ftilMi 6 W 2 ©tHWfil&tf 

U*vh?-*fc#fc, ttWSnsffifflfg* 2. 0 1K Kv^K«, c©»£ffiP 2 ' £^©££=F#It8 7 

(l/(2i)| (A/m) ^SCTt#P.n^lt»Ki Y4©«ft©W88flP2©tefct/t:/'J-fey hLT*>«fc 

(fTMfi) P2 0, P 1 0^Xr->?$iJffll^M3 8(cm i/\ DtPLft*^, W»llieW2fctt5R5ae©^ilJK 

Oiity. g^stiT^scfc^ifeSfeii), T?$I+8 7Y4tite 
[0 10 3] ?LT, Xf-^IWgl3 8ftt, 40 A/ml|lffi-ettttffiB*tt9J?*SC il^f'JfflbT, * 

It 8 7 Y 4 , 8 7 Y 3©I«ffi©^7-fe'y hZ^nZtl ©?S»gl5a^©^fflP 2 ' %8S# 

-P2 0, -PlOfcLT, C©»ttTS»fh8 7 Y4. t5„ tot, T$tt 8 7 Y 4 ©ft$Jffi©fl£/£ffi P 2 ' 

87Y3fr6&*a£ft3*HBiJilP2. P 1 (Cf©t7t ©tpT'S? A/m©N 2<S©SD©il^iS»e 2/ (2 

■yh (-P2 0, -P 1 0) ZbnWLrzmZ:, T#It8 n) tft% a EP^, 7.x-^*i]SlgS3 8 (4*©* 5 fc 

7Y4, 8 7Y3©H^©ltSMiP2' . P 1' tt M^N2, Rtf«»e 2*»ai (*© "TSo 
BP'S, C©tt»JfiP 2* , Pl'B, ±$i<DWmm [0 10 8] 

N2 = g {P2* / (A/m) } (1) 
e 2= {P 2 ' / (A/m) -N2} (2/r) (2) 

cct\ g {x} ti, x^s^.*^«^©MiS*4^5 t-mu n-ijfiip i ^6»6n*=F»©*aasfctf*t»©« 

B»-C»S, »fcfifjfi'r*J:5fcXr~^«iJ»«B3 8 50 Sfi (N2, e 2) =Fmt8 7 Y 4 TJfMRKWttS 
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nzmrn (mftiiim 0 2 tjskh-s 7 y 4© 

[0 10 9] 09^ *fi»j0^r-^M8S^«3 8©- 
& &tf=F#tf 8 7 Y 4 CD-g|5^^ UB9 K^"T «k 3 
K» ; F#It8 7Y4« > WAtfl/— «fMaR^6a**tl 

rc#Hg{g*t s r £ iM£M*§ s 2 cn-iii e a t #Hg e- 

«2 6**iLTVS 0 ffifflJt«jg2 6H\ #II^S R 

tiJSfs^s 2 i;<Dfit«M0 z**au tfcffl^nfdi 
tai0 2««sg82 7tm^^nsi:«fc, x-f-v^j 

»SH3 8rt(Dlt^SaaSB2 8tefctttfjSftTV5o 
4*3, te©T»tffc*tt^n«MBJt«8&2 6, 
f§2 7£HI*.tV5o 

[0 110] ««g§2 7tt, tHIWtfcM:±8B©<fc3K:* 

<Dmm<i>2<D%it&'omm2zmw.LT, (nz + 

0 2/ (2w) } IC (A/m) **i;T#6nSH-9Jfi 
P2^ gftft (*0)J-?ii£&f®8 5 Y) <DWhM*7fi 

file 2*^0 (-trn) XI* 2 ir fcifiv**^ Jt£LfcT$ 
©#R£7iVffi»N 2#± 1 OlBHT-rnTV^oI^tt 
1$&Z><DT\ *OttiiEOfc«>KfTdfeO"e*S, CCDjrb 

«©»tt*Hi o*#BguoosiwrSo <£:a±> 01 

P2= (A/m) • N' + (A/m) 2/2 *) (3) 
cniciot, T»W8 7 Y4©ff»JfiP2fi % f¥MSH2 8©^ O/'J-fe-yMI) RE (=0) Z 

icTiommffiLfccticKztm^ ^^87 Y3 30 siii^2 7K^rs«fc9KLTfc<£>gtf;&3o £© 
ottiwwHHMH- 8 7 y 4 ixEmic&mztirz ctic m&&, &m<vtc zmam mmm) 0 2 icfti&t 
&s 0 %&mtmm&2 7 ffi$it8 7Y4) KR^sns 

[0 113] «±©«fc 3 \c*mv&, »ffifr6©K*ttt Ciifc&^o Ht&teTi^thS 7 Y 3©8J»Hifcffi*B3S* 
3W}tW6n*J:5KaofcJBiOTJMHi:yy-fey 1- l fc*f£f 5 fit tft 5, 

ttSSS-rSIBEKt*, ffi©lg2<9T?$f+©itefiffrP>3S [0 115] Sfc, *M^2 7©Htfj P 2 tf&gfcfSi; 

U Xf*N2) £$£-f 3fci6©*i£fiit LTfJffl U <fcv\ cofl^, WHB2 7*mtfU"fe'y h 
«SSnfcT»©3Jd» 4: ^©18 1 ©=RMfT»W« L fcffi ftg&JI&B 2 8 6 U -fe >y h fittf£H8§ 2 7 {cK££ 

T#©#»(N1, XfiN2) <D7U-fe>y hfil, 40 S#b2 7 -by hfili: LTR^-fS C ttfT't 3 0 

fiT » tf©fti'JfiI©:/U -try hfii£i*£-f 5«fc r> \c LT c©ISfc{i» *XM*T-5>fr5©E*f#tf3#'iftefc 
COREfcfi, iJSe-A^ffl^e>-fi^nT^ /U-tr-y MitR E 2^aW»2 7 

•PSStSCtjb^So [0 116] ^jT't*^x/NXr-> ? WST2^ 

[0 114] ^B4^±tf^ *36*><DISHT &9h?Z>mcl&, ^XMXr-^WS T 2<DPJE8 5 Y 
^T^ffl^filfCl+iJ^M^igAL, ^TOT*H-©Wi»J {cT?$It8 7 Y 3-8 7 Y 5fr6©ttSJtf-A©rtWl 

Ts fHWiaa»«2 8fi:^ftN2 = 0%2iO, RU<W 50 /c46, *WTtt, *fhi»je-Alffl©IBIKI 08 



* [01 1 11810 (a) ~(c) fcteV^T, 

= N-1, k = N, k = N+l©IBH©fiEfflS*@^t 
TI/^So 1 OO^KrtTffiffiUtt 2 /r^tbT^So 0 
1 0 (a) ft, HI^©{ifflM0 2i:fifflM©1t^fiie 2 
fc©g©i»Jti[*</r **)/h«V^ (I $ 2-e 2 I </r) 

■Pfct), 5W»©^y-fey hfitN' =Ni:-T§„ 01 0 
10 (b) HI^©{itfflM0 2^P)fuffl©*t^fiie 2^M 
WcMnJ;')^ (0 2-e2>7r) ^^bT 
l^3 0 C©lf^ttH^©iiOIIIS©ffi*BS* 2tt^SS[N 
- l rtfcfeSOT, ^U-b-yHtN' N* =N-l 

£?%o 010 (c) ms©fflffis*2^e. 

fiiffl©«l^file 2*SEi;fclt« t -/r <fc0'h2V^ («2- 
^BR©ttffi!g*2tt^»N+lrt»c*5©1?, N' =N 

+ 1 ^-r^o 

[0 1 12] fUMfl3!8H2 8-Ctt, W±©«fc5fcLT 
20 MlsbTcfO-ty hfiN' 09©«Wt§2 7 CATS 
^"U-fe'y hfiiREi:LTHi^-r5o «»»2 7T?tt, ^ 
•J-tr-yhfilRE (BP^N* ) SfiftN 2©^U-fe-y HI 
tLTK^U ffifflJt«SI2 6*^©fflfflll*2i:*© 
S^N' fc^6^©<fc5fcYff«©W-»JfiP2*J¥WU 
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2 Y 3, 9 2Y4©P^HDX2) 
i)\ ^iaXt-v'WS T 2<DXjjfy(D«MDX 1 J;!? t, 
5S< £5 J; 9 ItSrSEfi l/Tlr^S. 
[0 117] $fc, H6 0U^^;l/Xf— $>R S T 1 , 
R S T 2 <DaLSWM^70tcH><D=FBM8 3X1-83 

r-i/'W S T 1 RtfW S T 2 fcOlfflT**^ ft»>XM0 

s»*ff 5» i&o : ^2cDa8jM^X7 L A*we.nTv^ 10 

So 

[0 1 1 8] $ 1 (DWMisXT-Llt, 0 1 1 \C7Ts?& o 

>?w s t i towTfta-rs <fc ? t iT , )x/\SMfi 

COD— r-OyftJ F9 6 A, coa-r^y^VF 

A, 97C, mi <D7,^4 ^9 7 AM&tHttt6ftfc7 
yp-F7-2>9 8 A, m2<DZ7J¥9 7 ClcmVtt 
tte>nfcP-F7-A9 8 C3?*£A/C#lJ«;£nS£ 1 20 
(O^x/Nn-^i:, >>x/nX7-^WS T 1 ±teRtte> 
nfc3*®±TllS5#fr&»S5S 1 ®*:/*-7'y79 

[0 119] c©Mn©»&i/X7^KJ:&9xr»£8i 

^fj:^:, £$JcD?XMn-rV>'? , {4flk:$>£ r 7X 

/af~^wsTi±i:fe5')xAwr £ffu<D<>x 

<7X/nXt— 7W S T 1 ±cD^0^(D^X/n*;1^cD^ 30 
Mf^7l;:Lt , )xAwr <D!»«*»IJirrSo * 

±$ijsisi9ot*«, *ia^©-fe > ^ - 7 fmm 
s 0 co««-e, ±*i]W«B9 0-ett, w^d^xm 

U-mWmW*ftLT7>u-b'7-L.9 8 A£>7X 

Awr ojiTfc^i&stfSo com iWfflgg 

9 0T*tt, *>*-7?79 9fci^ttB3:TTISHBBl 
StfT» ^xaWI' %7>P-K7-A9 8AfcSlt 
igLfcfg, 7>P-K7-A9 8 ACDKMS£lffl#iS 40 

±»SB9 0l?{i> *x/\o-*fMtPSi 
Bt7>'P-F7-A9 8 AOiliBfcn— F7— A9 8 

co»»HiS6*ii^f a. cnt«to, 7>p-F7- 

A9 8AtfHl l<0-Y^|Rl'\<D^il^M^U, ?X/> 
W 1 *fi&ftLfca- K7-A 9 8 C*^x/af-^W 
ST l©±35K*fcfct, ^XMO-^WtpgBfcJ:*) 

£-7-y79 9£±#ftSj-f?>ci:T\ ->xawiA^ 
xaXt-v'W S T 1 ±£gttitetl5o 
[0 12 0] £fz, ^XAXf->*WST 2 feOffi-?* 50 
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XM0gtt»L*fr3£2 0»i^>XTAfcJ\ Hi 2fc 
^T<k5fc, SioBEti/XrAfcttfWi:, J82CDP- 
r-f >^-rF9 6B, £<Dg?2©P~ f-OWK 
9 6 BlC/(}oT§at§X7^^9 7 BRtf9 7 D, US 
3©X5'1'^'9 7 BfC®i9tttfe>nfc7yP-F7-.k 
9 8B, g54©X7^9 7 DKffiOWt&nfca-F 
7-A9 8DIS*£A/?*flWcSttT^5o P-F7-A 

9 8D(c«^cg^n-5 r 7XMW2' ^^f^nrv^ 

So 

[0 12 1] *POt9KB)tSll©20<D'>X/\ 
X7—7WST1, WST2CJ:SMfTjl!yifc:"O^TH 

i isa*0i 2*pmLrwffltz 0 mi ikb, *x 

M7,-r-i/°WST2±©'i7XMW2{CjS^7l6^PL 1 

KT±j$©flHcLTtfx/\Xf--2>WS T ltSBlO* 
S^XrAfcOHT^x/NOSftjb^ibnTV^SWil© 
¥ffl0^£nT^£ o >)x/NXf->"WS 

t i±T'«, ^x/NSSat^i^v^T^-rsi^^t 
T75^:/Fijf1Wfcft£o 01 nefcv^ 

T, ®ftfMt' : l : '<9 , 7X/NXT-i>'W S T 2 ©fiBfrlflS 
ti, T^H-^Xr AOfH&Jtr-A 92X5, 9 2Y3© 
thSlffifcK-^TfTfcn, ^XAMt77^^> hW) 
fttfffit>ti6$xj>X7— '^WS T 1 o&BfflflVti:* 
TiMt^XrAcDftiJl'je-A 9 2 X 2, 9 2 Y 1 ©JHW 
BKS^TfTfrftSo Z<Dlttb, 0 5©i»SB9 
0"CttXT-i*SJ»StB3 8fcfi^LT, "7X/n£$£ 

7?-<*yhmitt%t%mz, ftjst a =f #&ftofHW 

[0 12 2] ^/x/Nm KtfT$t1-©W»H6RJ£fc3l 
R*:fTfett*'tf , -* , 75'f*:'hi:tt, >7x/nW 1 co|8 

at(ffcasns7 , U77-r^>h^"pfiffiiiKii*^ 

^l^Tctb. ^xa^t-v'WST 1 ±7SStTt)na7 
U77-T^yh©i:tffe5o Xr-^W 
S T 1 ±fc«B$tlfc^x/NW 1 ±fcJfM2ftfc30<D 
•9— ^77-r^yhv-^ OT^) ©ffifi*B5©7 
5^*^yf,^88AOLS A^O-b yy-H^fflV^TltiJ 
L, ^OttWfiSfcS^T^XMWlOXtffiK Y?t 

in), Rtfe^riRioffiB^-&%fT^o co-9— f-79>r 

[0 12 3] CO*- f77^^V K0«7», -7X/N 
WliOS->a7 Mfi«oEJ<J*CC-ef4EG A (xy 
A>xh'yn-;^-77^^h) ??ST*#i657 
7^y7^i'^>'FA ,s tf : bn§o TiMtv' 
XrA (I+Si|e-A9 2 X 2, 9 2 Y1) {cj;0> ?x 
/NXf-y'WS T 1 OffiB^f K8+±©~>3 
vYWWt-Z (77-T^yFv-^{4fi7-^) ^fc 
tfc, <7X/>Xr-v 7 WST \ikm%&W)Z*£-o-o. V 
x/nW 1 ±©0t^©^ 3 y h®« (■9-y7^>'3 «y F) 
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<D7y^f *yh-?-t&W&m5<D7 ; 7<< *yh%8 8 

Miliar tw>3 7 YmmT-z*nm 
<D&&<Dmmim 5 <D±fflw&w 9 o e <t k> p\®z ft, 

[0 12 4] ; eLT, ^lAXf-v'WST lffllJT*, 7 

x^m msT^^ty Miwtotiti^iic 

^i/nXt — v'WS T 2 dJT'ti, Z&tDUrtUR 1, 10 

g a ^rst <fc s 7 7 yy * y \ tmt>nx& *) , 
c ©#SHIt# 6 ft 9 xmW 2 ±<D i/ 3 >y h BB^iJr- * 

%? L 1 ®ttttT#fc#»S-efc«> *->g y MB«© 
H6©Uf-*/l/Xr-5>RST 1 (XttR 
ST 2) fc*XMXr-5>WST2i:**2t£filfc:HJB 

->*RST1, R S T 2%+YJifalCffi7£m®W)Lris 

o 0 c<Dtz, \s?-?>ir 2tuf^;i/R i tximyt 

ft£>c 

[0 12 5] ±j£Lfcl3 1 1 C^t2oOx/^f- 
S T 1 , W S T 2 ±T'Mff LTfTfrftSSSftv'-y 

->*WST1, WST2tf$iW©$ft£„ f Ltv £ 
^—ry^^TLfc^x/NXx-^WS T2±©7 
XAW2li> fcffljD-fVyytf^J/sX-C^X/^gl 40 

tfftstu 7?'(*yhi/-'ryxt)m7LrzV3.'^ 

f— 5>WS T 1 ±<D*XmW 1 tt, JS^ft^P L 1 <D 

T-ei^^-7>xwfbn5c 01 2jc^sft*fe«i 

[0 1 2 6] ±l2O«k'5fC*0>JTHi, 200x/nXt 
-S/'WS T 1 , WS T 2%&ftLT2#7C#lRltegWS 
■£ft#e>, S^x/\Xf- i/*±cD7x^W 1 , W2(cW 
bTS^-^^X^^x/^- 75-r^>h^—!r 50 
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y^tZmiLXftoCtlc £9, X^-TV hO[Sl± 
*BoT^8. ££Zt>\ 2O0^XA^f-^ffio 

xMXx-^T'fT^ft§»imc^w*%^s»^fe 
fWffi^o^xAXf-yt'tT^nsifff^f^^i 
©1*1, KaSHfcftSlliflsfcft&ft^iiftfcKtftt"^ 

nasHtftsiif^rais fcstwiftasH^fteft^ 

BHS««H6ftSo 
[0 12 7] ^SltfWtt, 7XMW 1 tL^f 

gtf&So C(Dfc£>. -^XAXf-^WSTll 
■e©3£SI&3Wti:» W<0">XAXf-^WST 2±CD 
•>x/nW 2 T'tf t)ft57v-T * > h iz-'ryXlctS^T 

B±vtmi:%z£ : !>icZ'f5.y7mmtf%2n5 0 bp 

5, 77-f><>'hy-yyXtc*3tt5B+jB l Jti> <?x/\X 
T-^WST2£Sf±S#fc^Tf7bft3/c46, ^* 
B3tfci:oT^afiHi:fte.-f, ^S»7tcp(cMtT 

a t « ft 6 "f JSmSEttMjWf x. § c i: ft 5„ 
[0 12 8] ££\ ">x/NSS»^ffC*V^Tt>rafiiOCl4: 

^tx^ns, o-hT-^e^xA^y? 
-7y7{cgttjfi-mc£U5«i&ntt, ^asHtft 

■eRt>fts«fc9tftsfw»oiin«jai^ wa^stft 

5) tc-^b-yrT^x/N^gltjiL^-r^i^fcbTfem 

fCctoTtT^ft^o 

[0 12 9] *0Ul?ti, agcttOUf-^/I/^ffio 

fi) Oi«0±aft*ft^6ft* o b*^U c 

tt, g^XS^ / >ft<ilt2je^t)3l$ftttfttfft^ft 

l/^fci6> ^-O^x/NX-r-y^fflV^^fcti, ffit 

Lft^e>, *tflJ(D2fe^07X/^X7-> ? %^i^fc^S 

*l»«ai:^S!faDOF©iSi±Sft*fc 

##£>ftSo 

[0 13 0] ft*, *fg0^O)iffllEH^i:ft(e:ps^$ft 
aWti»aih:3iffl"C*St»0'P3&So 2^<D'?XAXr 
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-£©ffl&£fr-£fc <fc -a T ^x^Xr-v^SEffi) LTV 
Stf, ffU©^©^©^;:, flt-^Ciot 

[0 13 1] *£ffi0£fig0££g%gB(i* 
«Sfi^544bf *;l/Xf-i^R S T (RST1, R 
S T 2) N ^XAXf-i/WST (WS T 1 , WS T 

2) fcffi&fiT^tfcfc, «Rou>x*»6*iia«n 
SJMBJtWRP L (P L l ) <DK¥Wm*'i^\ St, 10 

[0 13 2] $fc, ±3BOHflSO««T«, Xf7^- 

#8HI§fcUnfc:lE&ni\ Xr>y7- 7^H • U 
tf- h 73 :£©&l?gftSB, 7n * */ 5 x -r tttDMK 

1 * s ffiBtcwRRttSBt** o r t> mm k iSffl-r s c 

BftfctSfcaoXr-S^ffiffl^SfcfiSsB* XttU 

[0 13 3] &*5, *«Wfi±^O^W©»IKtlB«« 

!7#S<:£tf$iJiftT&£. 
[0 13 4] 

®x7—i?zm%c tic i^t, 

5o ajRonriixf—^sr^n^ns 1 

t, &Rjgixx-iW©g? 1 mi£?k<Dimmmfticx 

[0 13 5] #fc, *fSWOS2 0^-^«BKJ:n 

tf, ^co^cooiidxT-^cDttK^^n^niS^H+ffli] 
near*, ^■QK^sstt-pKnatctwjTtSo 40 

fc£fc>#3©*T^©^iUr-^©{iB%!& l 
fciDiSfSfi^cf^T't X;l/-7<y b©fa±£ 
0S<i£tfT i t5o 

[0 13 6]*C, #«flH©SS 1 ©HftSBfCctntf, 
fc «fc ^©^»XT-^©ftB£ftS^£iI£Ktf, & 

t# , ^©^isx-f-v^MSvj^ < -rs c fctf 

T#5. lot, *0^ftXT-$>%«afc£ftSH*S 50 
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[0 13 7] <Wc, ##P^Sf5 2©gftSBt«mtf, 

V>% 1 ©^»]Xx-^©*t£tf&gfi'hlltT*Sfc 
46, Xx-^©/J«, ®.m.\t*'ft^)\'-'7v h©fi 

ovx ywms % %w¥f&%m\t % rob 
<D&mmmw& , »josg 2 ©m®jxr-vMi«sn 

*.Ti^S;fca6, ^©^©^KXr-^MiB^lliS 

[0 13 8] ##80£©lg3©Itftl§fiE=fcntf, 
#i| * tf * ©*StS(© oj®) X r - rt ©-73 © rTSj X t- 
^TStftiWW^&tfS, SiJ©BJ»Xx—>*T-tf*« 
©SSAffiettiROV^Y^y hWI^Tdilt^T't, X 

^4©S7tSHtj;ntf, ^©Rjttffiffl-rsf'os 

itfc'&SCtJCfcoT, ^©^ 1 ©nJf)X'r-v ! ©/J^ 

S. -73, «KKi»iHI* , ft < , ^OfiK^^OtS 
fiM#tt%9HW-r § fei6©^ttItSiJSHtf , SiJ©S 2 ©ol 

[0 13 9] 1 offiBi*»#ttK«J:*i 

tf, JfljIt^©}tlS©Bl»)Xr-v 1 '©fiB%iSil«atIt 
WLTfflBI**-rS<:!:*^*So PWIK» 

-^©fiB^igm^tltM LTfifi^fe-T 5 C i: tj^-# 

[0 1 ] *fgHJ3©Sg l OHJSOfl5filOJa»B)tSfiO 

[02] BKO^XAXf-^WST, Rtff+MfflX 
r-y" 1 4 fcj^fsFffiHTfcSo 

[03] 0 1 ©Uf-^^Xr-v-'R S T, Rtff+iJffl 
Xr- 5 ^7Kf¥Sa0T'fe?>o 

[04] ^l ©^SI©»ffiH:*5^r, ItPJfflXr-^' 

1 4 ^ffl^TM3t7t©«^^itsiJ-r§ti^©^t« 
•T5 I Fffi0-efe^o 

[05] *fg^©m 2 ©*S(i©^S©tSKS8^B© 

«BSfllfiit0T*a55o 

[06] 0 5©HSE©0ffi©2O©^x^X-r-v ? W 
ST1, WST2i:, 2O<0L/7 t ^;Wf-v ! RST 
1, R S T 2 £, L 1 t, 7^^>bf 

8 8 A, 8 8 B i:©ttBM^^-r#4tl0'C ; fe?)o 

[07] 0 5©^X/NXx-v''©lg®I^1i©tt^ ; &^ 
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[09] *mn<Dm2<D$mmm^m\^*TL 

So 

[010] _*%W(Dm2<DmM<VBM<D z FM\^X7' 
[011] 20OXAX7— i'WST 1, WST2 

^-^>xt*^nT^5^^i-¥S0"t 5 * ; So 

[012] 01 1 £D^X/N3^g| • 75-f*5'l*S / -'5 r 
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